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The development of the embryo of Kochia scoparia 


Marion E. WILLIAMS 
(WITH PLATES 25 AND 26) 


INTRODUCTION 


The study of the development of the embryo of Kochia scoparia (L.) 
Roth was suggested because of the transparent seed coats in this species. 
The embryo, lying in a watery embryo-sac, may be distinctly seen in a 
seed which is under the dissecting microscope. For this reason, selection of 
embryos in successive stages of development is easily made; moreover, 
since the flowers appear as the stem elongates, mature seeds may be found 
on the same branch that bears unfertilized ovules. 

Few of the Chenopodiaceae have been studied from the point of view 
of the development of the embryo. Comprehensive works on the embryo- 
sac by Dahlgren (1916) and Fischer (1880), on endosperm by Hegelmaier 
(1885), and on seed coats by Netolitzky (1926) include investigations on 
members of this family. Other studies dealing specifically with the Cheno- 
podiaceae also emphasize these phases of seed study, only briefly describ- 
ing the embryo. Extensive work has been done, however, by Souéges 
(1920) on the embryo of Chenopodium bonus-henricus. It is with this 
species, therefore, that Kochia scoparia is compared in this paper, with 
occasional reference to descriptions reported for other related genera and 
families. 

MATERIALS AND METHOD 

Material was collected throughout the summer and fall from both the 
cultivated plants and escapes. Ovules were removed under a binocular 
dissecting microscope and placed immediately into formalin acetic-al- 
cohol.! Best results in fixation were obtained when the cells were com- 
pletely water-filled. When collections were made in the afternoon, the 
flower-bearing branches were submerged in water for ten minutes and then 
placed in a moist chamber until the leaves were markedly turgid. After 
this treatment the embryo-sacs were less plasmolyzed and were more 
suitable for fixation. Some of the larger embryos were removed from the 
ovules before immersion in the fixing solution. Entire flowers and fruits 
were also preserved, although penetration through the many layers was 
too siow to give good results in fixation. 


1 Formula: 100 cc 50% alcohol 
10 cc neutral formalin 
7 cc glacial acetic acid 
[THE BULLETIN For (59: 313-390) was 15 June, 1932.] 
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In preparation for imbedding in paraffin, the smaller ovules were light- 
ly stained so that their position in the paraffin block might be more easily 
determined. 

Old ovules and embryos were cut 5—8y thick; young ovules and flowers, 
8-12y. Sectioning at any stage was extremely difficult. Young ovules tend 
to be spherical so that sections, intended as longitudinal cuts of the embryo 
sac, often proved to be transverse or oblique. Orientation of the older 
flattened ovules was less difficult, but due to the starch which filled the 
cells of the perisperm they did not section readily. This was remedied by 
trimming the paraffin block closely and placing it in water for a time, 
varying from one to three weeks. 


THE OVULE 


The ovule is that typical of the Chenopodiaceae and all other families 
of Engler’s order Centrospermae. It is campylotropous, arising at the 
base of the ovary on a short funiculus that becomes longer and more 
slender as the ovule bends over it. Both the micropylar and chalazal ends 
of the ovule bend down toward the base of the funiculus which at the same 
time is pushing upward into the concavity. Finally the ends of the ovule 
come close together, often slightly overlapping, and within, the perfectly 
horseshoe-shaped embryo-sac encircles a region of perisperm. 

In the young ovule (fig. 19), the two integuments are each composed 
of two layers, each layer one-cell thick. At the micropyle, the cells of the 
inner integument are much enlarged and extend beyond the margins of 
the outer integument. As the ovule develops, the integuments are stretched 
and digested until the identity of the cells may be entirely lost. A homo- 
genous layer (fig. 20, d) is laid down between the nucellus and the inner 
integument, appearing before the formation of the embryo and becoming 
more pronounced as the ovule matures. By the Sudan III test, the pres- 
ence of suberin in this layer was indicated. In sections, this layer was deep- 
ly stained by gentian-violet. The perianth parts, with the ovary wall, are 
retained about the seed at maturity. 


THE EMBRYO-SAC 


The embryo-sac is early buried deep in the nucellus, situated, as Heg- 
elmaier (1885) describes, closer to the chalazal end of the ovule than to 
the micropylar end (fig. 19). A similar condition in Chenopodium foetidum 
is explained by Fischer (1880) as being due to the rapid division of a line 
of cells formed from the original tapetal cell. The arrangement of the cells 
in parallel rows in the micropylar region of the nucellus indicates that this 
same progression of cells may take place in Kochia scoparia. 
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The embryo-sac is of the normal eight-nucleate type as has been re- 
ported in Chenopodium foetidum by Fischer (1880), in Atriplex hortensis 
by Cohn (1914), in Hablitzia tamnoides by Dahlgren (1916), in Salsola 
Kali by Romell (1919), and in Beta vulgaris by Artschwager (1927). The 
antipodals disappear quickly and were observed in Kochia scoparia only 
in a disintegrated form. In this condition they were not easily distinguished 
from the adjacent cells of the nucellus which were being absorbed by the 
enlarging embryo-sac. The synergids, too, are short lived. They were 
however, identified in many sections, being long and narrow in outline and 
lying close to the egg. The polar nuclei fuse before fertilization. The nu- 
cleus thus formed is large with a brightly staining nucleolus and lies near, 
or in contact with, the egg nucleus. Apparently the embryo-sac remains in 
this stage for a long period, since most of the sections showed this two- 
nucleate condition. An identical embryo-sac is described by Gibbs (1907) 
for Stellaria media of the Caryophyllaceae. Early fusion of the polar nuclei 
is also described in Chenopodium foetidum by Fischer (1880). 

The embryo-sac enlarges by digestion of the surrounding nucellar 
tissue even before the complete eight-nucleate condition is attained. After 
the formation of the endosperm nuclei the sac rapidly elongates, keeping 
far in advance of the embryo. The nucellus is finally absorbed almost to 
the chalazal end of the ovule, with but one or two nucellar layers remaining 
between the sac and the integuments. 


THE ENDOSPERM 


Division of the endosperm nucleus takes place before that of the fer- 
tilized egg. The resulting endosperm is free-nuclear as is reported by Heg- 
elmaier (1885), forming a deeply staining cap over the suspensor (fig. 20), 
and later, the lower half of the embryo. By the time the cotyledons ap- 
pear, wall formation has taken place in this micropylar region, the endo- 
sperm cells becoming conspicuously vacuolated. Sections did not verify 
Hegelmaier’s statement that the endosperm reaches only two-thirds of 
the distance to the chalazal end of the sac. On the contrary, a second endo- 
sperm cap is formed at the chalazal end, remaining free-nuclear and di- 
gesting the tissue ahead of it (fig. 20). The elongation of the embryo-sac is 
brought about by the action of this portion of the endosperm. 

Between the two caps the endosperm is at first but a peripheral layer 
of cytoplasm with a few scattered nuclei. As the embryo elongates, the 
cellular micropylar cap advances into this mid-region and slightly fills in 
the space between the cotyledons when the embryo is at the stage illus- 
trated in figure 32. A peripheral layer of endosperm, one-cell thick, lines 
the remainder of the embryo-sac until it merges into the free-nuclear en- 


= 


ia 

q 

| 


394 BULLETIN OF THE TORREY CLUB [VOL. 59 


dosperm which occupies the chalazal end. Thus the embryo is completely 
enclosed in a loose sac of endosperm which often remains about it when 
the embryo is lifted out from the ovule. 


THE PROEMBRYO 


The proembryo like that of Chenopodium bonus-henricus is markedly 
filamentous (figs. 1-10), a characteristic due to the number of transverse 
divisions that take place before the first vertical wall appears. The stage 
at which this vertical division is made varies but it usually occurs at or 
soon after the six-celled stage. Even then, contrasting with Capsella whose 
embryo was for a long time considered typical of dicotyledons, the vertical 
division of the apical cell is delayed until after such divisions have occurred 
in the cells in the several tiers below. Figure 8 shows an embryo in which 
longitudinal division has taken place in the fifth and seventh tiers but not 
in the upper four. 

Figure 7 shows one in which the cells of the first and second tiers have 
divided vertically; in that shown in figure 9, a vertical wall occurs in the 
third tier also. The comparative development of the cells indicates that 
the apical cells have divided recently. In no case was a vertical wall seen in 
an apical cell only. In the embryo illustrated in figure 10, the upper three 
tiers have reached the same stage of development, having divided once in 
the plane parallel to the page and one of each pair of daughter cells having 
redivided in a plane at right angles to that of the previous division. 

As in Chenopodium bonus-henricus, when the embryo proper becomes 
differentiated, the suspensor is seen to develop from two tiers which, in 
dividing, become four, the uppermost being the hypophysis (figs. 9, 10). 
The embryo proper develops from four tiers which are easily distinguished 
as the change from the linear to the spherical form takes place (figs. 9-12; 
14-18). Souéges, however, describes the embryo of Chenopodium bonus- 
henricus as including but three tiers. This situation occurs as an occasional 
exception in Kochia scoparia as is shown in figure 13. 


THE SUSPENSOR 


The suspensor remains characteristically linear. The identity of the 
three cells below the hypophysis is soon lost by their multiplication into 
a long row of cells which vary in size and in number (figs. 11-17). Only 
rarely were the suspensor cells seen to have divided vertically. Two such 
exceptions are shown in figures 8 and 13. Maturing embryos, removed 
from the ovules, still retained a portion of the filamentous suspensor (figs. 
29-34). In sections of the ovule, even in advanced stages, the row of cells 
was seen buried in the endosperm cap at the micropylar end. Only in the 
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mature seed when the endosperm had been obliterated was the suspensor 
lacking (fig. 35). 

The basal cell of the suspensor is greatly enlarged and vacuolated in 
the early stages. It is buried in the nucellar tissue, as shown in figure 20, 
behind the endosperm cap which surrounds the rest of the suspensor. In 
later stages (figs. 11-17), it becomes irregular in shape and size as the 
nucellar tissue about it is digested by the endosperm. At the same time, 
adjacent cells of the suspensor may also become distorted. 

It is in the structure of the suspensor that the only striking difference 
appears in the embryos of Kochia scoparia and Chenopodium bonus-hen- 
ricus. Souéges’ illustrations show the filamentous suspensor only up to the 
time the embryo is about four cells in diameter. At this stage, vertical di- 
visions occur, followed by many irregular divisions which result in a mas- 
sive, club-shaped suspensor. 


THE HYPOPHYSIS 

The hypophysis is differentiated in the linear embryo, occupying the 
fifth layer in an embryo of eight tiers (figs. 9, 10). Division of the hypoph- 
ysis takes place about the time the embryo begins to take on its spher- 
ical form. The first walls are usually two vertical ones at right angles to 
each other so that a plate of four cells results. Exceptions, however, are 
shown in figures 11 and 20, where a horizontal wall was first formed. Hor- 
izontal division of the four-celled plate caused two layers to be formed, the 
upper layer extending laterally to complete the dermatogen, the lower 
layer forming the root-cap initials (figs. 20-22, 24). This corresponds to the 
behavior of the hypophysis of Chenopodium bonus-henricus. 

Figure 17 illustrates a condition often seen in sections cut several cells 
thick. The upper part of the hypophysis bulges into the center of the em- 
bryo and seems to push the innermost cells upward as it does in Capsella. 


THE DIFFERENTIATION OF THE HISTOGENS 


The dermatogen is cut off early, usually when the third tier of the 
embryo consists of a quadrant of cells. A periclinal wall segments each of 
the four cells, and as the embryo enlarges, walls are formed in a similar 
position in the tiers above and below (figs. 11-14). The dermatogen is then 
complete except for that of the root tip which is to be formed later by the 
hypophysis as has been described. 

The periblem is first distinquished when the embryo attains a diam- 
eter of five or six cells (figs. 12-14), as the row of cells just within the der- 
matogen. The remaining cells in the one or two rows at the center are those 
from which the plerome will be developed. As in Chenopodium bonus-hen- 
ricus, the lowest tier of the embryo proper contributes the plerome and 
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periblem initials in the root. This situation is illustrated in figure 18. (The 
demarcation between the four tiers in the embryo is emphasized by heavier 
lines.) In older embryos (figs. 22, 24) distinction between the plerome and 
periblem is more easily made. 

The formation of the histogens in Kochia scoparia as in Chenopodium 
bonus-henricus presents a variation from the Capsella type in which the 
periblem initials of the root tip originate from the uppermost half of the 
hypophysis. 

LATER STAGES OF THE EMBRYO 


The drawings in figures 28-35 illustrate the general outline of the em- 
bryo after the formation of the cotyledons. The bending of the embryo 
begins early (fig. 30) and continues until the tip of the innermost cotyle- 
don meets the end of the root (fig. 35). The outer cotyledon does not in- 
crease in length to reach the end of the embryo-sac as it does in the similar 
horseshoe-shaped embryo of Mirabilis jalapa described by Woodcock 
(1928). It appears even shorter than the inner cotyledon because of its 
position on the periphery. In the mature embryo the length of the cotyle- 
dons is only slightly less than that of the hypocotyl and radicle. 

Figure 22 shows an embryo when the cotyledons are well differentiated. 
All of the cells are large and tend to be isodiametric except for the pro- 
cambium. The procambial strand forks at the apex, passing into the 
cotyledons for a short distance. At this stage no connection is made be- 
tween the central strand and the plumule. 

At the stage pictured in figure 32, the outline of the central strand is 
sharply marked (fig. 24), and the procambium extends about three-fourths 
of the distance to the tips of the cotyledons. No differentiation in size or 
shape of other cells in the cotyledon is seen at this stage (fig. 23). 

Figures 25, 26, and 27 are sections from the mature embryo shown in 
figure 35. The median longitudinal section of the cotyledon (fig. 25), when 
compared with that in the figure above, shows a marked difference in 
cellular structure. Two or three rows of palisade parenchyma are indicated 
on the inner side of the cotyledon, which corresponds to the upper side 
when the cotyledon is expanded. A massive procambium running out to 
the tip of the cotyledon separates the palisade from large irregularly-placed 
cells on the opposite side of the cotyledon. Sections other than median ones 
show that the procambial strand is branched, indicating the course of the 
lateral veins in the leaf. 

In figure 26 is shown a cross section of the procambial strand just below 
the point of forking. Figure 27 illustrates the forking of the central strand 
where the procambium passes into the cotyledons. The procambium is seen 
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to branch from the cotyledonary strand and enter the plumule. Although 
the formation of tracheary tubes does not occur in the embryo of the ma- 
ture seed, the path of the procambium indicates that at the cotyledonary 
node the change from the protostele, typical of the root, to the siphono- 
stele of the stem takes place. 

DISCUSSION 


Five types of dicotyledonous embryos are described by Schnarf (1928). 
The first is the Cruciferan, in which the apical cell of the two-celled 
embryo first divides vertically and in which the basal cell contributes only 
the suspensor and the hypophysis of the embryo. In the Asteracean type 
the apical cell also divides vertically, but the basal cell adds to the lower 
part of the embryo proper as well as forming the suspensor and hypophysis. 
The Solanacean, the Chenopodiacean, and the Caryophyllacean types are 
characterized by transverse division of the apical cell. In the first, however, 
the basal cell forms only the suspensor and hypophysis; in the second, it 
contributes the lower half of the embryo as well; and in the last, the basal 
cell does not divide at all but remains one-celled. 

The embryo of Chenopodium bonus-henricus, as Souéges’ drawings il- 
lustrate, represents the Chenopodiacean type. The resemblance of the 
embryo of Kochia scoparia to that of Chenopodium bonus-henricus indicates 
that its development also follows the Chenopodiacean pattern. Mitotic 
figures, however, were not observed in the critical stages, consequently 
the part played by each of the initial cells cannot be positively determined. 


SUMMARY 


1. The ovule of Kochia scoparia is campylotropous; at maturity the 
horseshoe-shaped embryo-sac surrounds a region of perisperm. There are 
two transparent integuments, the inner one protruding beyond the outer 
one at the micropyle. 

2. The embryo-sac is early buried deep in the nucellus. It is eight- 
nucleate, although it is often seen with but two nuclei, the endosperm 
nucleus and the egg. This is due to the early disappearance of the anti- 
podals and synergids, and the fusion of the polar nuclei. 

3. The proembryo is characteristically linear, the vertical division of 
the apical cell being long delayed. 

4. The spherical embryo is composed of four tiers, the upper two con- 
tributing to the plumule and cotyledons. The third, where the dermatogen 
is first cut off, contributes the hypocotyledonary region; the fourth, the 
plerome and periblem initials. 

5. The hypophysis divides first vertically then horizontally. Two plates 
of cells are formed, the upper one of which by lateral extension of cells 
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completes the dermatogen, the lower one furnishes the root-cap initials. 

6. The suspensor, at first two-celled, divides into four, the uppermost 
being the hypophysis. Transverse divisions take place rapidly, so that the 
suspensor becomes a long filament. 

7. The endosperm is at first free-nuclear, forming two caps at the ends 
of the embryo-sac. Later, cells appear in the micropylar region which ex- 
tend to the middle of the sac and form a loose covering over the embryo. 
The cap at the chalazal end remains free-nuclear and is finally obliterated 
by the growth of the embryo. 

8. The embryo curves until in the mature seeds the tip of the inner- 
most cotyledon meets the radicle. 

9. In the mature embryo the solid procambial strand forks at the 
cotyledonary node and passes out to the tips of the cotyledons. As the 
procambium enters the cotyledon, a branch turns off which supplies the 
plumule. 


The writer is indebted to Dr. E. R. Walker under whose direction this 
study was made, to Dr. E. N. Andersen for certain microchemical deter- 
minations, and to Prof. T. J. Fitzpatrick for the reading of the manuscript. 


Tue UNIVERSITY OF NEBRASKA 
LincoLn, NEBR. 
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Figs. 1-18. Series showing development of embryo through spherical stage; 4, 
the hypophysis; heavier lines mark boundaries of the four tiers of the embryo. (All 
x 450.) 

Fig. 19. Diagrammatic sketch of longitudinal section of young ovule; a, outer 
integument; 5, inner integument; c, nucellus; lines and dots represent arrangement of 
cells of nucellus. (65). 

Fig. 20. Longitudinal section through embryo-sac of older ovule; endosperm caps 
shown, also disintegrating nucellar cells; a, outer integument reduced to one row of 
cells; b, inner integument represented as dark line, identity of cells having been lost; 
c, homogeneous suberized layer, represented as clear space; d, outer row of cells of 
nucellus. (65). 


Fig. 21. Embryo with cotyledonary lobes and plumule forming; original outline 
of hypophysis indicated; plerome, periblem, and dermatogen distinctly marked. 
(300). 

Fig. 22. Stage with cotyledons well developed, procambium passing into them a 
short distance. Heavy lines emphasize regions of root tip. (300). 

Fig. 23. Median longitudinal section of cotyledon of the embryo shown in fig. 32. 
(217). 

Fig. 24. Longitudinal section of radicle tip of same embryo, root cap initials shown. 
( <300). 

Fig. 25. Median longitudinal section of cotyledon of mature embryo in fig. 35, 
showing differentiation of tissues. (217). 

Fig. 26. Cross section of central strand of mature embryo just below the point of 
forking. (217). 

Fig. 27. Median longitudinal section of mature embryo at cotyledonary node; 
procambium forks and passes out into the cotyledons; branch of cotyledonary pro- 
cambium supplies the plumule. (217). 

Figs. 28-35. Series of outline drawings of embryo from appearance of cotyledons 
until maturity. (All x20). 
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Description of plates 


(All figures drawn by means of the camera-lucida) 
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Natural distribution of Rhododendron maximum in New Jersey’ 


ERNEST L. SPENCER 
(WITH ONE TEXT FIGURE) 


INTRODUCTION 


In sections of northern New Jersey one scarcely fails to notice Rhodo- 
dendron maximum L. or Great Laurel, growing rather sparsely in some 
places but very extensively in others. Rhododendron maximum, a member 
of the Ericaceae, is one of our most beautiful plants. This woody shrub 
with its evergreen leaves and showy white or light pink flowers often 
reaches a height of from six to ten meters. 

Why does this shrub grow so luxuriantly in the natural state but often 
lose its lustre and die when transplanted? This question has prompted 
the study of rhododendron in its natural habitats in New Jersey in an 
endeavor to ascertain what factors appear to be involved in its distribu- 
tion. 

The data here presented were obtained from 36 stations. A few sta- 
tions may have been overlooked, but every stand which has been reported 
in the literature by Britton (1889) and Stone (1910), as well as many pre- 
viously unrecorded stands, the locations of which were found with the help of 
local guides, were very carefully studied. The stations, with the exception 
of Sicklerville in the southern part of Camden County, are confined very 
largely to the northern and western areas. Rhododendron appears to be 
missing from the southern portion of the state. In the northern portion of 
the state, which forms a part of the Appalachian Province, are many nar- 
row valleys and ravines, most of which run in a northeast-southwest 
direction. The southern portion of the state, belonging to the Coastal 
Plain, is relatively flat with very few hills but with many marshes border- 
ing the stream courses. Observations were made on representative areas 
at each station. The map shows the locations where rhododendron was 
found at the time of this study. 

Areas of rhododendron have been found in the following places, ar- 
ranged by counties: Sussex-Wawayanda Plateau, Laurel Pond, Wallpack, 
Wawayanda, Sparta, Stokes Forest, High Point State Park, Montague, 
Flatbrookville, Dingmans Ferry and Millville; Passaic-Brown’s, Moe 
Mountain, Uttertown, Bearfort Mountain, and Pinecliff Lake; Morris- 
Chatham Great Swamp, Milton and Copperas Mountain; Warren-Dunn- 
field, Pahaquarry, Hardwick and Blairstown; Hunterdon-Ramseysburg, 


1 Journal Series paper of the New Jersey Agricultural Experiment Station, De- 
partment of Plant Physiology. 
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Stockton and Frenchtown; Mercer—Washington Crossing; Burlington— 
Bordentown and Kinkora; Camden—Sicklerville. 


OBSERVATIONS 


Because of the complexity of the factors which must be taken into ac- 
count in attempting to explain the distribution of a plant, it appears ad- 
visable to consider some of these in detail. It should be understood, how- 
ever, that the distribution of a plant is ultimately determined by a com- 
bination of these factors. In such a study it is necessary to explain not only 
the presence but also the absence of Rhododendron maximum in a particu- 
lar locality. For clearness, the factors involved may be divided into two 
groups: environmental and edaphic. 


Environmental factors. 


As recorded in table 1 observations on the following environmental 
factors were made: topography, exposure, shade, proximity to water, 
depth of leaf mold, and drainage. 

The data dealing with the topography of the stations where rhododen- 
dron grows appear at first sight to be inconsistent. A more careful study, 
however, reveals the fact that of the 29 principal stations, nine are in 
ravines, nine on hillsides or rocky cliffs, six on the banks of brooks, and 
five in swamps. The topography of these 29 stations is quite similar. 
With the exception of the swamp stations, rhododendron was found grow- 
ing most luxuriantly in hemlock ravines. 

This study shows that the manner of exposure is a factor of great ime 
portance to the distribution of rhododendron. Of the 29 principal stations 
all but five face to the north or northwest. These five exceptions are more 
or less flat areas; their lack of definite northern or northwestern exposures 
is probably compensated for by shade and humidity. 

Observations made at Sparta, Wallpack and Brown’s show to some 
extent the great significance of the exposure in the natural distribution of 
rhododendron, other factors being similar. Sparta Glen forms a deep east- 
and-west ravine in which Tsuga canadensis predominates. On the bank 
with a northern exposure rhododendron grows in great abundance. On 
the north bank, separated from the south bank at the base by a small 
brook not more than six to eight feet in width, there is not a single rhodo- 
dendron plant. Soil reaction tests show a similar degree of acidity on both 
slopes. The exposure is the only apparent factor which distinguishes the 
north from the south slope and which could account for the clearly defined 
position occupied by rhododendron in this ravine. At Wallpack and 
Brown’s, likewise, rhododendron is found growing in greater abundance 
on the slopes facing the north. 
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Environmental factors characteristic of the different stands of Rhododendron maximum in New Jersey 


STATION TOPOGRAPHY BXPO- | suapg | PROX. TO | LEAF | prarnace 
SURE WATER MOLD 

Abundant FT. IN. 

1. Brown’s Hemlock Ravine | N* D>» Adja L Good 

2. Moe Mountain Swamp Flat | M Adja 3 Poor 

3. Wawayanda Plateau Cedar Swamp Flat M Adja 2 Poor 

4. Chatham Great Swamp Swamp Flat | M Adja. 4 Poor 

5. Laurel Pond Rocky Hillside NW |} D Adja 4 Good 

6. Uttertown Hemlock Ravine | NW | D Adja 4 Good 

7. Wallpack Hemlock Ravine | N D Adja 1 Good 

8. Bearfort Mountain Rocky Hillside N D Adja. 4 Good 

9. Wawayanda Hemlock Ravine | NW D Adja 3 Good 
10. Milton Hemlock Ravine | NW D Adja 3 Good 
11. Sparta Hemlock Ravine | N D Adja. 0 Good 
12. Stokes Forest (A) Rocky Hillside N M 200 1 Good 
13. Dunnfield Rocky Cliff N M 100 2 Good 
14. High Point Park (A) Bank of Brook NW | M Adja 5 Good 
15. Stokes Forest (B) Hemlock Ravine | NW | M Adja 3 Good 
16. Pahaquarry Bank of Brook NW M Adja. 3 Good 
17. Montague (South) Ravine NW M 200 3 Good 
18. Sicklerville Cedar Swamp Flat | D Adja 5 Poor 
Numerous 
19. Flatbrookville Bank of Brook NE M Adja. 1 Good 
20. Dingmans Ferry Hillside NW | M 600 3 Good 
21. Millville Hillside NW | M 600 3 Good 
22. Montague (North) Hemlock Ravine | NW | M Adja. 1 Good 
23. Stokes Forest (C) Rocky Hillside NW | M 750 2 Good 
24. High Point Park (B) Bank of Brook WwW M Adja. 2 Good 
25. Copperas Mountain Rocky Hillside NW | M 200 2 Good 
26. Bordentown Bank of Brook N M Adja. 0 Good 
27. Washington Crossing Bank of Brook N M Adja 3 Good 
28. Hardwick Swamp Flat | M Adja 5 Poor 
29. Pinecliff Lake Rocky Hillside N M Adja. 2 Good 
Scattered 
30. Kinkora Steep Hillside N M Adja. 1 Good 
31. Ramseysburg Hillside N M 100 2 Good 
32. Stockton (A) Bank of Brook N M Adja. 3 Good 
33. Stockton (B) Bank of Brook N M Adja 1 Good 
34. Frenchtown Rocky Ravine N M Adja. 2 Good 
35. Blairstown (A) Bank of Brook NW M Adja. 1 Good 
36. Blairstown (B) Flat Woods Flat | M 750 1 Good 

* NW = northwest >M=medium 
N=north D=dense 
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The sites where rhododendron grows most luxuriantly are character- 
ized by a dense canopy of tree tops which permits very little direct sun- 
light to penetrate through to the ground below. Where the shade is less 
dense a mixed vegetation is found associated with rhododendron. Under 
such conditions Kalmia latifolia is also abundant. In no locality was 
rhododendron observed growing in dry exposed areas with little shade. 

It is obvious that shade has a very marked influence on the external 
characters of rhododendron. In extremely dense shade the plants are 
straggly and crooked; the leaves are confined almost entirely to the new 
growth at the tips of the stems; the branches rarely grow more than one 
or two inches in length in any one season, and the number of blooms each 
season is comparatively small. In the less densely shaded situations the 
plants are more upright with thick, compact stems; the leaves extend more 
or less all along the stems but are of a lighter shade of green; the branches 
make as much as six to eight inches of terminal growth each season, and 
produce many blooms. The new growing tips of these plants are larger in 
diameter with more red pigment than those growing in the more densely 
shaded areas. 

In deep ravines such as are found at Sparta, Wallpack and Brown’s, 
the humidity is very high. The air is so saturated with moisture that the 
foliage often remains wet until noon or later even on bright days. In these 
stations an extensive development of fungi, mosses and ferns is observed 
and it is in such stations that rhododendron is the predominant type of 
undergrowth when other factors allow. Not all the stations are character- 
ized by exceptionally high humidity, however, but this condition is al- 
ways noted where the growth is most vigorous and healthy. 

At nearly every station rhododendron grows in very close proximity 
to water, usually a small brook or stream. In only three cases was the 
shrub found to be at a considerable distance from water. These sites, for 
the most part, are on rocky hillsides. 

The leaf mold at the several stations shows quite a decided variation 
in depth. This deposit often extends to a depth of five inches. The two 
sites where no leaf mold is present are on very steep slopes. Without a 
doubt the erosion due to rain water is sufficient to remove all the leaves 
and partially formed leaf mold and thereby prevents the accumulation of 
any such material. Most of the regions which show the greatest depth of 
leaf mold are rather flat, thereby favoring the accumulation of leaves and 
their partially decomposed remains. The average depth of leaf mold at the 
29 principal stations is about two inches. 

There are but five exceptions to the general conclusion that good drain- 
age is essential for the successful growth of rhododendron. This good 
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drainage is due in part, undoubtedly, to the texture of the soil, most of it 
being stony or gravelly. Although the soil is well drained, it appears to 
have an adequate supply of moisture. At Moe Mountain, Chatham, 
Wawayanda Plateau, Hardwick and Sicklerville, rhododendron grows in 
swamps. 

Edaphic factors. 

Schimper (1898) has given the name edaphic to those factors dealing 
with the soil and its peculiarities. These factors as recorded in table 2 are 
soil texture and soil reaction. 

Several different soil series of the stony or gravelly type seem to be 
well suited to the growth of rhododendron. The soil series of each station 
was identified by reference to the soil survey maps of New Jersey by Jen- 
nings (1911), Lee (1921), and Patrick (1917, 1919). In addition to the 
rocky outcrops the soil series on which rhododendron was found are Lacka- 
wanna, Hoosic, Gloucester, Penn, Collington, Culvers, Dutchess, Wall- 
pack, and Bermudian. No Rhododendron maximum was found in New 
Jersey on soils of limestone origin. 

From the data as recorded in table 2 it is quite apparent that the acid- 
ity of the soil is of considerable importance as a factor in the distribution 
of rhododendron. At each station the reaction of the leaf mold, of the soil 
to a depth of six inches, and of the soil to a depth of twelve inches was 
determined. This twelve inch limit was arbitrarily selected since the roots 
of rhododendron seldom penetrate below this depth. With respect to the 
leaf mold the reaction varies from pH 5.2 to pH 2.9, with an average of 
pH 4.0. The acidity for the first six inches of soil ranged from pH 4.8 to 
pH 2.9, giving an average pH of 4.0. For the second six inches the reaction 
ranged from pH 4.8 to pH 2.9, with an average pH of 4.2. In view of the 
fact that rhododendron was not found on soil with a reaction above pH 
5.6, it is concluded that this plant has a natural “ preference’ for acid soils. 


Associated flora. 


In a study of the flora occurring with Rhododendron maximum, it 
may be advisable to discuss first the species, as given in table 3, which are 
found in most of the stations, and then to consider in detail some of the 
representative larger stands. 

Tsuga canadensis is associated more characteristically with rhododen- 
dron than any other species of trees. There are only ten stations in which 
Tsuga canadensis is missing. At least one species of Quercus may be identi- 
fied with all but seven stands. Among the principal species of Quercus are 
Q. alba, Q. velutina and Q. Prinus. Among the species of Acer found associ- 
ated with rhododendron, Acer rubrum occurs most frequently, being pres- 
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TABLE 2 


Edaphic factors characteristic of the different stands of Rhododendron maximum 


HYDROGEN-ION CONCENTRATION 


STATION SOIL TEXTURE 
LEAF LEAF "192° 
MOLD MOLD-6" 
pH pH pH 
Abundant 
1. Brown’s Hoosic gravelly loam 5.1 4.8 4.7 
2. Moe Mountain Muck 3.2 3.6 4.2 
3. Wawayanda Plateau Muck 3.6 4.0 4.1 
4. Chatham Great Swamp Muck 2.9 3.0 2.9 
5. Laurel Pond Gloucester stony loam 4.0 3.9 —— 
6. Uttertown Lackawanna stony loam 4.1 3.6 3.9 
7. Wallpack Rock outcrop 4.2 4.3 4.3 
8. Bearfort Mountain Rough stony land 4.7 4.3 4.1 
9. Wawayanda Gloucester stony loam 3.9 3.3 _ 
10. Milton Gloucester stony loam 3.5 
11. Sparta Gloucester stony loam — 4.7 4. 
12. Stokes Forest (A) Lackawanna stony loam 3.5 te 4.0 
13. Dunnfield Rock outcrop 4.0 — —_ 
14. High Point Park (A) Lackawanna stony loam 4.8 — o— 
15. Stokes Forest (B) Lackawanna stony loam 4.9 _- — 
16. Pahaquarry Lackawanna stony loam 4.9 4.1 4.4 
17. Montague (South) Hoosic gravelly loam 3.6 3.9 4.3 
18. Sicklerville Muck 3.4 3.0 _ 
Numerous 
19. Flatbrookville Hoosic gravelly loam 5.2 4.1 4.4 
20. Dingmans Ferry Wallpack fine sandy loam 4.8 4.5 4.4 
21. Millville Wallpack stony loam 4.1 4.1 3.9 
22. Montague (North) Hoosic gravelly loam 3.7 4.5 4.2 
23. Stokes Forest (C) Lackawanna stony loam §.2 4.1 4.0 
24. High Point Park (B) Lackawanna stony loam 4.3 3.9 4.1 
25. Copperas Mountain Rough stony land 4.0 3.7 _ 
26. Bordentown Collington sandy loam _ 2.9 3.6 
27. Washington Crossing Bermudian silt loam 5.0 4.5 4.1 
28. Hardwick Muck 4.2 4.2 _ 
29. Pinecliff Lake Hoosic gravelly loam 3.4 4.3 _ 
Scattered 
30. Kinkora Collington loam 3.3 3.8 3.§ 
31. Ramseysburg Dutchess shale loam 4.6 4.4 4.3 
32. Stockton (A) Penn shale loam 5.0 4.1 4.3 
33. Stockton (B) Penn gravelly loam 3.9 5 — 
34. Frenchtown Penn shale loam 4.7 4.4 4.3 
35. Blairstown (A) Dutchess shale loam 5.0 4.7 4.5 
36. Blairstown (B) Culvers loam 4.8 4.6 4.5 
Average 4.0 4.0 4.2 
High 5.2 4.8 4.8 
2.9 2.9 2.9 
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TABLE 3 
The relative abundance of the various species associated with Rhododendron 
maximum in its natural stands 
z 
z 
1. Brown’s Pin ts SiS is 
2. Moe Mountain PINIPiS iS Ss 
3. Wawayanda Plateau P Pis S £3.95 N 
4. Chatham Great Swamp; P | N S$ iS 7S 
5. Laurel Pond P P is > ts 
6. Uttertown Ss |S 
7. Wallpack iP S 
8. Bearfort Mountain rin i? if 
9. Wawayanda PIN iP S 
10. Milton Pin 4:5 S 
11. Sparta PINIP IS |S 
12. Stokes Forest (A) P |N S S S 
13. Dunnfield AIS iP iS IS S |S 
14. High Point Park (A) GS 18 13 138 
15. Stokes Forest (B) A EP is S$ isis S S 
16. Pahaquarry AINIS |S 7S sis iS 
17. Montague (South) A S NiS |S 
18. Sicklerville S 24s P 
19. Flatbrookville NIN|P is S S 
20. Dingmans Ferry NINIS INIS INiIS 
21. Millville NIA INIS is 
22. Montague (North) N N/IS N S 
23. Stokes Forest (C) NINIPIS S$ isis S 
24. High Point Park (B) NIA INIS 48 S 
25. Copperas Mountain NiIAiS S18 3S 
26. Bordentown N S$ |S S $s is 
27. Washington Crossing | N $s |S 
28. Hardwick NMiNiS i8 iS 
29. Pinecliff Lake NININIS P 
30. Kinkora S sis is 
31. Ramseysburg S |ININ S 
32. Stockton (A) S $ is S 
33. Stockton (B) Ss N 
34. Frenchtown S $ is 
35. Blairstown (A) S |N iS S$ isis S 
36. Blairstown (B) S N S 
Total 36 | 25 | 26 | 34] 22) 21} 15} 15] 14} 14} 10] 9] 2 


P=predominant, A=abundant, N=numerous, S=scattered. 
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ent in 34 stations. Acer saccharum and A. pennsylvanicum are also found 
with several of the stands. Cornus florida, Betula lenta and B. lutea are 
present frequently, as well as scattered groups of Liriodendron tulipifera, 
Fagus americana, Pinus Strobus, and Chamaecyparis thyoides. 


Very few different species of shrubs are present in many of the stations. 
Kalmia latifolia thrives in all but eleven of the stations where rhododen- 
dron is found. In a few of the larger areas rhododendron is the only shrub 
present. Isolated groups of Viburnum, usually V. acerifolium, Hamamelis 
virginiana, Clethra alnifolia, and Vaccinium pennsylvanicum are found. 
With the exception of the mosses and saprophytic fungi, there appears to 
be very little characteristic ground vegetation. 


For a more detailed account of the vegetation associated with rhodo- 
dendron at the different stations, it may be advisable to select a few typi- 
cal sites rather than to discuss each stand separately. 


At Brown’s is found a typical ravine with a true hemlock formation. 
This ravine, which extends in a northeast to southwest direction, has a 
small brook with high slopes on either side. The soil here is described as 
rough, stony land of the Hoosic series with good under-drainage. In addi- 
tion to the vigorous growth of rhododendron at the bottom of the ravine 
there is a stand of Tsuga canadensis, with only a few scattered specimens 
of Fagus americana and Acer rubrum. These trees are able to withstand 
the dense shade of the hemlock, in which rhododendron thrives. In regard 
to the slopes it is immediately apparent that the vegetation of one slope 
is different from that of the other. On the slope facing northward are found 
Rhododendron maximum and Kalmia latifolia, thriving beneath the dense 
canopy of the hemlock. This association extends far up the slope. On the 
opposite slope with a southern exposure a different condition is encount- 
ered. Here the forest is more of the maple-beech-hemlock type, made up of 
Acer rubrum, Fagus americana and Tsuga canadensis, with some Cornus 
florida, Betula lutea and Liriodendron tulipifera. Rhododendron, as well as 
hemlock, disappears a short distance up this slope. 

At Wallpack similar conditions with respect to exposure prevail. At 
the bottom of the ravine there is a hemlock formation with an undergrowth 
consisting almost exclusively of Rhododendron maximum. On the rocky 
cliffs along the brook, which extends up through the ravine, are found as- 
sociated with the hemlock, as secondary species since they are tolerant of 
shade, Betula lenta, Acer rubrum, A. pennsylvanicum, Cornus florida, and 
Quercus alba. As the stand of trees thins out Kalmia latifolia makes its 
appearance. On the slope facing northward is found an abundant growth 
of rhododendron, whereas on the opposite slope this species is absent, a 
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condition similar to that observed at Brown’s and apparently due to the 
same causes. 

At Dunnfield rhododendron grows in a different type of topography. 
Throughout the entire length of the Delaware Water Gap the rhododen- 
dron is very prominent, growing in great abundance on the rocky cliffs 
overlooking the Delaware River to the northwest. Here the forest is of 
the hemlock-deciduous type with Tsuga canadensis, Acer rubrum, A. 
pennsylvanicum, Cornus florida, Quercus Prinus, and Betula lenta. The 
cliffs are very steep and rough and give rise to little streams of water 
which run as from springs. The vegetation in general is quite straggly and 
crooked, as though subjected to severe winds. 

On Moe Mountain another condition may be observed. At the top of 
the mountain is a large swamp in which rhododendron is very abundant. 
Associated with it and forming a rather open type forest is Tsuga canadensis 
and Betula lutea. Here the rhododendron appears very vigorous, forming 
a somewhat dense thicket of undergrowth. Along the margins of the swamp 
together with the extensive development of rhododendron, are Quercus 
Prinus, Cornus florida, Kalmia latifolia and Myrica asplenifolia. On the 
slopes arising from the swamp the same abundant growth of rhododendron 
as at Brown’s and at Wallpack was observed on the slope facing north- 
east, but none at all on the opposite slope. North of the swamp both hem- 
lock and rhododendron disappear at about the same elevation. 

In a cedar swamp at Sicklerville, the southernmost station found in 
New Jersey, there is a very exceptional colony of rhododendron. Stone 
(1910) describes this station as follows: ‘‘The white cedars rose on every 
hand like tall columns, their dense tops shutting off much of the light, and 
under them, with tangled and twisted trunks and branches, grew the 
Rhododendrons, the masses of white blossoms standing out conspicuously 
against the dark leaves and the general gloom. The high humidity, the 
absolute lack of motion in the air, and the low basin-like character of the 
spot made it extremely oppressive and the atmosphere seemed fairly reek- 
ing with moisture. I have suffered from excessive perspiration in the 
Rhododendron thickets of the Alleghenies much as I did that day (July 9, 
1910) in the cedar swamp, and perhaps the similarly humid conditions are 
what the plant needs.” The absence of Tsuga canadensis is very conspic- 
uous. 

Seedlings. The seedlings of Rhododendron maximum are found in only 
a very few stations. There are very extensive stands of healthy seedlings 
at Moe Mountain on the elevated margins of the swamp, at Wallpack in 
the upper ravine, at Stokes Forest on the partially exposed hilltop, and at 
Chatham on the small knolls in the Great Swamp. 
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DISCUSSION 


The results of these observations indicate that some of the factors 
studied seem to be more significant than others. Of these factors there are 
three which warrant further consideration: (1) soil reaction, (2) exposure, 
and (3) seed germination. The question of the relative importance of soil 
reaction and exposure in this connection is still open to discussion. The 
data already presented have shown that one cannot be separated from the 
other for it is the apparent combination of both these factors which seems 
to restrict the natural distribution of rhododendron. 

If it is justifiable to draw conclusions from the observations made at 
36 stations, it is evident that rhododendron “ prefers” an acid soil. Whether 
or not this is a limiting factor in the distribution of rhododendron is hard 
to say, for this apparent “‘preference’’ has not been fully demonstrated as 
yet by experimental evidence. Several tentative explanations for this con- 
dition have been advanced by various workers. The acid reaction may 
render available some elements such as iron, which in small quantities are 
required for growth. Unpublished experimental evidence with solution 
cultures (Spencer 1932) has shown that an acid medium is essential only 
in rendering available some nutritive elements which are insoluble in a 
neutral or alkaline medium. In regard to soils, however, the experimental 
evidence is still too superficial to warrant drawing any definite conclusion 
as to the manner in which an acid reaction may function. Perhaps the 
same symbiotic relation, which has been demonstrated by Dufrenoy 
(1917) and Rayner (1923) to exist between other members of the Ericaceae 
and mycorrhiza, exists also between these organisms and rhododendron. 
If this is the case, an acid reaction may favor increased fungal activity, 
whereas an alkaline medium may retard its development. The fact that 
rhododendron is not found on the limestone soils south of Vernon on the 
northwest slopes of Wawayanda Mountain and similar locations in New 
Jersey, where other factors for the natural development of this species are 
apparently favorable, is evidence in support of the theory that soil acidity 
is an important factor in the distribution of rhododendron. 

The importance of a proper exposure is very well brought out by the 
data already presented. The fact that no stand of rhododendron was found 
with a southern exposure may be based on the environmental character- 
istics of both the northern and southern exposures. The factors involved 
are undoubtedly light intensity, temperature, and humidity. On the north- 
ern exposure the light intensity is naturally lower than on the southern 
because the direct rays of the sun reach it at a more acute angle and for a 
shorter period each day. As a result of this shorter exposure to direct sun- 
light the temperature is normally lower. The humidity, on the other hand, 
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is higher since less evaporation occurs. All three of these factors are favor- 
able to the growth of rhododendron. Winter injury is undoubtedly a sig- 
nificant factor in the distribution of rhododendron since it is a matter of 
common observation that this type of injury is much more prevalent on 
the southern exposure than on the northern. This is due to the frequent 
freezings and thawings on the southern exposures, a condition known to be 
quite injurious to all but the most hardy types of vegetation. 

Several interesting observations were made concerning the manner in 
which rhododendron reproduces in the wild. It has been demonstrated 
experimentally by seed germination tests that the seeds are viable. Data 
obtained at the various stations indicate that the seedlings are highly 
specific in their environmental requirements. These requirements appear 
to be (1) a relatively high humidity, (2) a moderate exposure such as is 
offered by a lightly wooded forest, and (3) a soil reaction between pH 3.5 
and 5.0. It is probable that in very dense shade the young seedlings cannot 
synthesize adequate carbohydrates to carry them through the first winter. 
It may also be that germination is retarded to such an extent in these 
areas by the lower temperature that the seedlings are not sufficiently de- 
veloped at the end of the growing season to withstand the severe conditions 
of winter. Evidently rhododendron now growing in the dense shade of the 
hemlock started while these trees were still small. A count of the annual 
rings at the base of several of these shrubs showed that many of these 
larger rhododendron plants are at least 65 years old. 

From the data presented it appears that the conditions under which 
rhododendron thrives are quite similar to those required by Tsuga. This 
undoubtedly accounts for the close association between these two species. 
Both species appear to thrive in the same type of environment. Harsh- 
berger (1911) describes the hemlock as a tree which thrives on the rocky 
sides of mountain gorges, or a rocky hillside overlooking a stream. Oc- 
casionally it appears in a deep forest on the flat ground by a stream. It 
grows on the slopes facing the north rather than on the southern slopes 
and hilltops. These conditions coincide with the apparent natural condi- 
tions required by rhododendron. The Tsuga has been found, however, in 
limestone soil in New Jersey, whereas rhododendron has never been found 
on such soils. 


SUMMARY 


1. In the State of New Jersey 36 natural stands of Rhododendron maxi- 
mum were located, mostly in the northern and western regions of the state. 
In five localities the shrub grows in swamps: at Moe Mountain, Waway- 


1932] SPENCER: RHODODENDRON MAXIMUM 413 


anda Plateau, Chatham Great Swamp, Hardwick, and at Sicklerville, the 
latter being the southernmost station in the state. 

2. The distribution of rhododendron seems to be governed by its 
specific topographical requirements rather than by climate. It appears to 
prefer ravines or rocky hillsides although several stands were found along 
the banks of small brooks. 

3. In every station rhododendron grows on acid soil and never on 
limestone soil. The soil reaction of the several stations is decidedly acid, the 
range extending from pH 5.2 to pH 2.9. 

4. The significance of exposure is well brought out, especially by the 
stands situated in ravines. In these stations there is an extensive develop- 
ment of rhododendron on the slopes facing north, whereas on the opposite 
slopes the shrub is absent or restricted to the base of the slope. None of 
the 36 stations has an exposure to the south. 

5. The most luxuriant growth of rhododendron is noted in localities 
characterized by dense shade and high humidity. 

6. In New Jersey rhododendron is commonly associated with Tsuga 
canadensis and Kalmia latifolia. 

7. Young seedlings were found in only five of the 36 stations where the 
larger plants are now growing. Inasmuch as germination tests showed that 
seeds are viable, it is evident that the seedlings themselves must be highly 
specific in their environmental requirements. The factors involved appear 
to be humidity and light intensity as well as soil reaction. 

The writer wishes to acknowledge the assistance of Dr. J. A. Small and 
Mr. O. W. Davidson in making the observations, the financial support of 
Mr. W. P. Jenks of Morristown, New Jersey, and the criticisms of Dr. J. 
W. Shive and Dr. M. A. Chrysler in the preparation of this manuscript. 
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The development of the ascocarp in two species of Thielavia 


C. W. Emons 
(WITH ONE TEXT FIGURE AND PLATES 27 AND 28) 


The members of the medical profession, in their studies of skin diseases 
especially, have accumulated much knowledge regarding species of fungi 
parasitic on man. Forms causing thrush, ringworm, sporotrichosis, and 
coccidioidal granuloma, are among those well known to the medical my- 
cologist, but not always so familiar to those botanists concerned purely 
with problems of plant pathology or with fungi as a whole. There are in 
human pathology, just as in plant pathology, cases where it is difficult to 
say whether the trouble in question is primarily due to the particular 
fungus isolated, working as a parasite, or whether it may not simply be 
aggravating the original trouble in a secondary capacity. The tendency in 
former years has been for medical mycologists to be rather conservative 
and to disregard fungi other than those long known to be primary para- 
sites, the effects of which present definite clinical pictures. More recently 
they have been studying culturally and experimentally those fungi occupy- 
ing the border line between parasitism and saprophytism. One may cite 
cases where the spores of fungi familiar to the botanist, such as Puccinia 
graminis, Penicillium glaucum, Alternaria Mali‘ and others, have been 
proved to be the cause of asthmatic attacks in certain individuals. It is 
now conceded that certain cases of ear and lung troubles are due to in- 
fection by species of Aspergillus. 

Such lines of work call for much more extended knowledge of those 
fungi, not only on the part of those interested in human diseases, but on 
the part of the botanist as well. A survey was recently organized by Dr. R. 
M. McLaughlin of the College of Physicians and Surgeons, Columbia 
University, with the primary object of learning to what extent certain 
groups of college students were infected with the fungi which cause ring- 
worm of the foot. In this survey it was planned to obtain cultures, not 
only from those individuals with clinical lesions, but also from those who 
appeared to be normal. The fungi appearing in these cultures included 
forms known to be pathogenic, and many which probably had no etiologic 
significance. Most of these latter were undoubtedly represented in the 
lesions or on the skin merely by a few air borne and ungerminated spores 
which grew as soon as planted upon the culture medium. A study of these 
cultures has resulted in the discovery of a number of interesting forms, 
among which was a new species of Thielavia isolated by Dr. McLaughlin 


1 Hopkins, J. G., R. W. Benham, and B. M. Kesten. 1930. Asthma due to a 
fungus—A/ternaria. Journ. Amer. Med. Assoc. 94: 6-10. 
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from the normal skin of a foot. He has kindly permitted the author to 
make a special study of this fungus which is considered to be a saprophyte 
and no great importance is attached to its source, although related forms 
are met with frequently as contaminants of cultures similarly made. The 
studies reported here were all made from strains derived from single spores. 

In an earlier paper® I have given a brief account of Thielavia terricola. 
Further study has seemed to show that the ascogenous hyphae of that 
species produce croziers from the penultimate cells of which the asci de- 
velop. Some of the salient feature of its development are to be mentioned 
in this report which is devoted principally to a description of another 
species of Thielavia mentioned above and hitherto undescribed, although 
it is apparently closely related to T. terricola. This relationship is mani- 
fested by similarities in the manner of growth in the early stages of asco- 
carp formation, in the character of the mature ascocarp, and in the ap- 
pearance of asci and ascospores. In the second species, however, the asco- 
genous hyphae develop no croziers and there is apparently no nuclear 
fusion in the ascus. One or the other or both of these remarkable features 
have been reported in other groups of fungi; the interest here lies in the 
fact that while one species of Thielavia goes through the usual stages in 
the formation of ascospores, a second closely related species has a very 
much shortened life history. 


THIELAVIA TERRICOLA (GILMAN AND ABBOTT) EMMONS 


The ascocarp of Thielavia terricola develops from a hyphal coil. The 
coil as well as the hypha which bears it and the hyphae which soon sur- 
round it are somewhat difficult to distinguish even when stained with 
aceto-carmine. There does not appear to be any antheridium. Single spore 
cultures produce ascocarps. The coil soon becomes surrounded by an en- 
velope of hyphae, but it remains visible through these as a deeply staining 
structure made up of from one to three cells. The coil grows as the young 
ascocarp develops and there is an increase in the number as well as in the 
size of the cells. It soon gives rise to a branching system of ascogenous 
hyphae. The asci appear to develop from the penultimate cell of a crozier 
and nuclear fusion occurs at the very beginning of ascus formation. Fusion 
of the ultimate and the antepenultimate cells could not be demonstrated. 
There is no uniformity in the orientation of the ascogenous hyphae and 
asci. The former grow out from the coil which is located at a point near 
the center of the ascocarp and the asci may point in any direction. This ar- 
rangement corresponds in general to that in Microascus trigonosporus and 


? Emmons, C. W. 1930. Coniothyrium terricola proves to be a species of Thielavia. 
Bul. Torrey Bot. Club. 57: 123-126. 
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M. intermedius* except that in Thielavia terricola the ascocarp is smaller 
but the asci are larger, and consequently the radial development of the 
system is less noticeable. The first asci to mature are near the center of the 
cleistocarpous fruiting structure, and in a maturing ascocarp, ascogenous 
hyphae can be found only next to the perithecium. No open central cavity 
forms but the nurse tissue is destroyed lysigenetically as the fertile hyphae 
and asci advance. Three nuclear divisions occur and eight spores are cut 
out. The ascospores are elliptical with a germ pore at only one end. 


Thielavia Sepedonium sp. nov. Emmons. 

Mycelio homothallico; perithecio globoso, 70-150u diametro, pariete 
exteriori olivaceo; ascis ovoideis, 17—30u, e ramis lateralibus hypharum as- 
ciferarum orientibus, sine nucleorum conjugationibus, 8-sporis; ascosporis 
ellipticis olivaceis, 7-10 14-19, poro germinali ad vertices ambas. 


Conidiis sphaericis, interdum ovoideis, 7—-10u diametro, tuberculato-pa- 
pillatis, singulatim vel in catenis brevibus ad conidiophoros ramosos proventis. 


Thielavia Sepedonium is so much like T. terricola in the general ap- 
pearance of the mature ascocarp, asci, and ascospores that the advisability 
of describing it as a different species was at first questioned. However it 
grows more rapidly and luxuriantly than T. terricola; it has a conspicuous 
conidial stage; and there are very important differences in the ascocarpic 
development, in the ascospores, and in the perithecial wall cells. The 
character of the conidia would place this fungus in the genus Sepedonium 
Link, of the Fungi Imperfecti. Of the species of this genus it most closely 
resembles S. albo-luteum, but it differs from that species in important re- 
spects noted in the description. The perfect stage, when present, should 
determine the taxonomic position and the name of a fungus, and the as- 
cocarp which is a prominent feature of this fungus is that of a Thielavia. 
The specific name Sepedonium is proposed here in order to suggest the 
type of its conidial stage. 

Thielavia Sepedonium develops rapidly upon cornmeal agar with the 
formation of a scanty gray mycelium. Within four days at 30°C, in mono- 
spore cultures, ascocarps are visible as tiny black spots on the surface of 
the agar, and by the fifth day many of the asci contain spores. As in many 
ascomycetes, the ascocarps form more quickly and in greater abundance 
on plate cultures of cornmeal agar if inoculations are made at several 
points. On dextrose and other sugar media there is a stronger development 
of aerial mycelium which becomes golden yellow with the production of 
great masses of conidia, and finally grayish over most of the colony with 


* Emmons, C. W., and B. O. Dodge. 1931. The ascocarpic stage of species of 
Scopulariopsis. Mycologia 23: 313-331. 
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the formation of ascocarps. The conidia are borne upon branched conidio- 
phores (plate 27, a-e). The spores arise from swollen portions of the 
conidiophore (plate 27, c), which swellings, in many cases at least, in turn 
become conidia. The conidia appear to be solitary, but short chains some- 
times form. The conidium is at first borne upon a little stalk and is smooth. 
Later, as the spore increases in size the stalk disappears and the surface 
becomes covered with tuberculate thickenings. The spores are spherical, 
7—10u in diameter, or sometimes egg-shaped and up to 8 X12y in size. 

The ascocarp develops from a hyphal coil (plate 27, f-i). No anther- 
idium is present. The ascocarp is spherical, 70-150 in diameter, and with- 
out an ostiole. The perithecium, the wall portion of the ascocarp, is com- 
posed (a) of a single layer of pigmented cells whose outer walls are deeply 
sculptured (plate 28, d) and (b) two or three layers of thin-walled flattened 
cells. At the center of the young fruit body one finds a number of pseudo- 
parenchymatous cells which are eventually destroyed as the asci develop 
(plate 28, h). The asci, about 17X30y, arise as side branches on the 
ascogneous hyphae. Each ascus contains eight ascospores which are ellipti- 
cal, darkly olivaceous, 7-10 14-19, with a germ pore at each end (plate 
27, j) as contrasted with the ascospores of T. terricola which have only 
one germ pore. They remain uninucleate until germination. 

In the development of the ascogenous hyphae there is at no stage any 
suggestion of a crozier. The growth is straight out from the original coil 
(text fig. 1 and plate 28, h). Each cell of the ascogenous hyphae is uni- 
nucleate except the tip cell which, just before cell division in the course of 
hyphal growth, becomes binucleate. Cells which are about to form branches 
from which asci are to be cut are ~!so binucleate, but the ascus cell has 
only one nucleus when it is cut off (plate 27, 1). Growth is apical as is clearly 
shown by the progressive development of asci along an ascogenous hypha 
(text fig. 1), and binucleate tip cells are occasionally seen. The ascogenous 
hyphae branch freely at first and binucleate cells are sometimes found 
at the base of a young branch. The young branch is initiated before nuclear 
division; after nuclear division one nucleus passes into the branch and a 
wall is laid down. The ascus arises in the same manner as a branch (text 
fig. 1 and plate 27, 1), and in some cases it is difficult to be sure whether 
one is observing a young branch or a young ascus. In most cases it is 
possible to tell by noting the stage of development of the ascogenous hypha 
and of the asci arising from the older cells of the ascogenous hypha. If the 
ascocarp is well developed and ascogenous hyphae have penetrated to all 
parts of its interior, and if several nearly mature asci are present, further 
branching of the ascogenous hyphae does not occur. 

The young ascus first appears two or three cells distant from the tip 
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(text fig. 1) and the general appearance is quite different from what one 
finds in T. terricola where the ascus appears to arise from the penultimate 
cell of a crozier. In T. Sepedonium one of the daughter nuclei passes into 
the young ascus (plate 27, 1) which is cut off by a wall. Ascus and nucleus 
increase rapidly in size, but there is no preliminary binucleate stage or 
nuclear fusion. When the ascus reaches its mature size there are the three 
usual nuclear divisions. Many mitotic figures of each of the three nuclear 
divisions have been secured. The chromosome number seems to be four. 
Each of the nuclei now cuts out a spore by free-cell formation. Many 
preparations of a later stage show the nucleus attached to the spore wall 
by a long beak as described by Harper‘ for the powdery mildews. Later the 
nucleus rounds up at the center of the spore. The spore, which is at first 
spherical, later becomes ellipsoidal and it has a germ pore at each end 
(plate 27, j). It remains uninucleate until germination begins. 


Fig. 1. Stages in the formation of the asci of T. Sepedonium. 


The remarkable and interesting cytological features in the life history 
of T. Sepedonium are the lack of crozier or ascus crook, and the absence 
of a nuclear fusion in the young ascus. While the crozier can not be demon- 
strated in certain ascomycetous forms the nuclear fusion in the ascus isa 
commonly and easily observed phenomenon which is usually thought of as 
being universal among the higher ascomycetes. No nuclear fusions are 
reported to occur in some of the reduced forms such as the 4-spored yeasts 
and species of Endomycetaceae. It seems probable that an adequate study 
of many of the reduced forms among the Plectascales will show still other 
species where crozier formation and nuclear fusion are dispensed with. 


‘ Harper, R. A. 1895. Ueber das Verhalten der Kerne bei der Fruchtentwickelung 
einiger Ascomyceten. Jahrb. f. Wiss. Bot. 29: 655-685. 
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If a crozier is present in the mildews it is in a reduced form and it 
seems quite certain that in some species it is lacking. However the nuclear 
fusion in the ascus is well known since Harper’s‘ work on these forms. 
Wingard’ in a study of Nematospora Phaseoli, the cause of a spot disease 
of the lima bean, found no nuclear fusion in the ascus. The only nuclear 
fusion known for other yeasts is that between the nuclei of the copulating 
cells in such forms as Schizosaccharomyces octosporus, and corresponds 
therefor to the first nuclear fusion in such forms as the mildews. 

Among the Basidiomycetes there are several species where basidia 
form only two basidiospores and no nuclear fusion is known to occur. In 
Caeoma nitens® and Endophyllum Euphorbiae-sylvaticae’ the nuclear fusion 
which usually precedes the formation of the promycelium in the rusts is 
lacking. 

SUMMARY 

Cytological data are given for two species of Thielavia. T. Sepedonium 
is described as a new species. It forms its asci as simple side branches from 
the ascogenous hyphae without crozier formation and without nuclear 
fusion in the ascus. T. terricola resembles T. Sepedonium superficially but 
in the former the asci appear to arise from the penultimate cell of a crozier 
which is binucleate. 

I am indebted to Dr. B. O. Dodge for assistance and advice during the 
course of this study, and to Prof. R. A. Harper for assistance in the inter- 
pretation of the cytological details. 


5 Wingard, S. A. 1925. Studies on the pathogenicity, morphology, and cytology 
of Nematospora Phaseoli. Bul. Torrey Bot. Club. 52: 250-290. 

® Dodge, B. O. 1924. Uninucleate aecidiospores in Caeoma nitens and associated 
phenomena. Journ. Agr. Res. 28: 1045-1058. 

7 Moreau, Mme. F. 1914. Les phénoménes de la sexualité chez les Urédinées. 
Botaniste. 3: 145-284. 
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Explanation of plates 


PLATE 27 
Thielavia Sepedonium 
a-e, conidiophores and conidia. 
f-i, ascogonial coils. 
j, germinating ascospore. 
k, young ascocarp showing ascogonium with uninucleate cells. 
1, ascogenous hyphae bearing young asci. 


PLATE 28 


a, ascospores of Thielavia Sepedonium. 

b, ascospores of T. terricola. 

c, wall cells of the perithecium of T. ferricola. 

d, wall cells of the perithecium of T. Sepedonium. 

e, young ascocarp of T. Sepedonium. 

f, conidia of T. Sepedonium. 

g, aceto-carmine preparation of crushed mount of ascogenous hyphae of T. 
terricola. 

h, section of ascocarp of T. Sepedonium. 
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Regeneration in a sweet cherry leaf 


V. A. Younc 
(WITH PLATE 29 AND ONE TEXT FIGURE) 


Much has been written relative to the underlying causes of regeneration 
in plants, but as yet no general definition or theory has been advanced 
which is wholly accepted by workers as an explanation for such phe- 
nomena. Among the investigators who differed widely as to the definition 
of regeneration as applied to their respective problems, certain definite 
groups stand out quite distinctly. One of these groups includes Prantl 
(1874), Némec (1905), and Pfeffer (1905), who contended that regenera- 
tion is the formation of a new part or parts exactly alike in number and 
position of the organs injured or removed. Another group of workers, 
Véchting (1878), Goebel (1902), Morgan (1901), and Klebs (1908), con- 
sider regeneration to be the development of additional organs from dor- 
mant buds present before an injury occurs. Miss Kupfer (1907), one of the 
more recent investigators, suggests that the term regeneration be limited 
to those cases in which an organ is formed, de novo, at a place or under 
conditions in which it would not normally be found. 

The definition suggested by Miss Kupfer seems to cover quite ade- 
quately the occurrence of an unusual case of regeneration associated with 
the outgrowth on a leaf of sweet cherry (Prunus avium L.) brought to the 
attention of the writer during the early summer of 1931. This leaf (pl. 29) 
appeared normal in all respects with the exception of six small leaf-like 
structures (for convenience these structures will henceforth be called 
leaflets) on the lower surface. 

From general observations each leaflet appeared as an individual unit, 
but after a careful examination with a hand lens it was obvious that each 
leaflet was composed of two small outgrowths extremely close to each 
other. A dark longitudinal line appears in the approximate center of each 
supposedly complete leaflet. This line represents the area separating the 
two leaflets. The manner in which the leaflets were attached to the main 
leaf was unique, each being firmly held near the inner edge and along the 
entire length of its blade, but free elsewhere. The specific areas from 
which the leaflets originated on the leaf could not definitely be determined 
from observations made with low magnification. The evidence obtained 
from these observations did, however, strongly indicate that the leaflets 
had their origin in the leaf veins. Such evidence was later confirmed from 
the studies made of microscopic sections from the areas supporting the 
regenerated organs. Both the leaf and the leaflets were rich in chlorophyl, 
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but their colors were distinctly different. The pigmentation of the leaf 
produced a deep brownish green color, while the color of the leaflets was a 
brilliant green. A pronounced differentiation in the external morphology 
of the leaf and leaflets was also apparent. In the former, as illustrated in 
plate 29, the margin of the blade is serrated while the margins of the 
leaflets facing each other are entire, but deeply lobed on the outer free 
edges. The venation also varies widely in both leaf types, the veins of the 
leaf radiating from the midrib, while there is no midrib present in the 
leaflets. 

Microscopic sections were made of all leaf areas supporting regenerated 
leaflets. The usual histological methods were used.' The general anatomical 
structure of a cross-section of one of these areas is illustrated in figure 1 by 
a drawing made with a Promar drawing apparatus. The anatomy of the 
leaf in the region of the regeneration is highly diversified as compared with 


BD 


Fig. 1 


the normal areas. This is due to the fact that two separate and distinct 
vascular systems are formed by the dichotomous branching of the vein 
(secondary veins) and being discontinued with the region of regeneration. 
The anatomical features of these secondary veins are also highly diversified 
as compared with the primary vein, the phloem tissue in each case being 
unusually large. In addition the mesophyll tissue between as well as sur- 
rounding the two veins is composed of large irregular and closely congested 
parenchyma, which has apparently replaced the palisade layer of the leaf 
directly above the two veins for some distance along the margin. One of 


1 Many helpful suggestions were offered by Dr. H. F. A. Meier, head of the Botany 
and Pathology Department, in the preparation of the histological material. 
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the undetermined anatomical complexities was the initial origin of the 
two secondary veins from the primary vein. All of the microscopic sec- 
tions taken in the leaf tissues both near and including the region of the 
regenerated organs show no anatomical differences which might indicate 
the specific area or tissue where the division first occurred. In every section 
a sharp boundary separated the two secondary veins from the primary 
vein where a transitional area might be expected. It is highly possible, 
however, that a transitional area did exist in the young developing leaf 
when regeneration first occurred, but later the differentiation of the cells 
had obliterated all traces of the origin of the tissues involved. The micro- 
scopic study did, however, clearly show that the first external appearance 
of the regenerated leaflets was definitely correlated with the presence of 
the secondary veins. Furthermore the anatomical structure of the second- 
ary veins strongly indicated that the phloem tissue was involved in the 
reproduction of the additional leaflets. As stated elsewhere the phloem 
tissue is unusually large and the cells appear to blend gradually into a 
system of parenchymatous tissue of the small leaflets. From such evidence 
one might conceive that the phloem tissue of the initial vein is the source 
of origin of the secondary veins. The anatomical features of the leaflets, 
as illustrated in figure 1, are similar to those of the leaf except that the 
palisade layer of the former is reversed in position with that of the latter. 

Since the anatomical data discussed represent conditions found in a 
mature leaf supporting regenerative organs, it is only possible to postulate 
as to the specific cells or tissues involved in the regeneration. A young leaf 
exhibiting similar characteristics at a very early stage would unquestion- 
ably solve the problem. Nevertheless the data discussed above definitely 
indicate that regeneration may occur in plant tissues which show no evi- 
dence of external injury. Furthermore the anatomical evidence of the 
mature leaf does not indicate that dormant buds were present before the 
additional organs were formed. Moreover the evidence is quite conclusive 
that regeneration induces pronounced anatomical changes where it oc- 
curs, regardless of the specific cells or tissue responsible for the origin of 
the new organs. It is highly possible that certain physiological reactions 
not clearly understood play a major réle in causing regeneration. 

The literature shows that a profound interest has been aroused among 
biologists in the subject of regeneration. Much progress has been made in 
this phase of biology; nevertheless, much more is still to be accomplished 
before any definite theories can be formulated relative to the underlying 
causes of regeneration. With this realization in mind it has been the hope 
of the writer that the data presented might encourage other investigators 
to seek further for additional information relative to the complexities of 
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regeneration, a phenomenon more common in nature than is generally 
realized. 
Forest BOTANY AND PATHOLOGY 


Tue N. Y. STATE COLLEGE OF FORESTRY 
SyRACUSE UNIVERSITY 
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Field and herbarium studies, I 


Louis WILLIAMS 


In working up a collection of plants which the writer and Miss Rua 
Pierson made in and near Grand Teton National Park during the summer 
of 1931, attention was called to the Phacelia and Corallorrhiza as probably 
new. The Eriogonum species were received from A. O. Garrett and given 
to the writer by Doctor Aven Nelson for study. The following species have 
been carefully compared by myself, under the direction of Doctor Nelson, 
with material in The Rocky Mountain Herbarium. 


Corallorrhiza purpurea L. Williams sp. nov. Caulis carnosus, ruber, 2 
dm. altus; racemus cum 20-30 floribus; planta glabra; flores 1.5 cm. longi; 
labium circa 8 mm. longum, purpureum, cum 2 lobis lateralibus; pollinia 4; 
sepala subviridia, subaequalia; petala similia. 

Scape red, fleshy, 2-4 dm. high with 2-3 membranaceous sheaths. Ra- 
ceme 20 to 30-flowered, compact when young, less so with age; root coralloid; 
plant glabrous throughout; flowers about 1.5 cm. long; lip about 8 mm. long, 
purplish, faintly 3-nerved or only the central nerve visible, with a basal lobe 
on each side which may be bifid, there may also be some serrations between 
the lobes and the apex of the lip; column about 4 mm. long, to which are at- 
tached four pollinia by a central filament, two on each side of the filament, 
waxy, easily detached; sepals three, greenish, subequal, the lateral ones form- 
ing a short spur, which is less than 1 mm. long, faintly 3-nerved or apparently 
not at all; petals similar to the sepals, often tinged with purple. 


This species somewhat resembles C. Mertensiana Bong. It differs in 
that C. purpurea L. Williams has a lobed lip which may also have some 
serrations, the column is shorter, and it usually has more flowers in the 
raceme. 

Type specimen collected by Louis Williams and Rua Pierson in moist 
shaded situations, near Bradley Lake, Grand Teton National Park, June 
22, 1931. Coll. No. 199. Type in Rocky Mt. Herb. 


Eriogonum crispum L. Williams sp. nov. Perenne ligneum, ramosum, 
praeter 3 dm. altum, ascendens; cortex concisurus, tomentosus; folia oblonga, 
crenata, tomentosa infra alba, prope vel omnino glabra supra, fasciculata ad 
caulem veterem, alternata ad incrementum annuum; inflorescentia cymosa; 
involucrum circa 1 mm. longum, campanulatum, pubescens, 5—8-denticula- 
tum, dentes subfusci; perianthum flavum, glabrum; filamentum ad basin 
villosum. 

A coarse, diffusely branched, woody perennial. More than3 dm. high; bark 
somewhat shreddy, appearing white from tomentum, probably becoming more 
or less glabrous with age; stems ascending; leaves short-petiolate, oblong, 
2-3 cm. long, 3-7 mm. broad, crenately crisped giving the appearance of serra- 
tions, densely white tomentose below, sparingly so or glabrous above, mostly 
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fascicled on the older stems, alternate on the annual growth, approaching with- 
in 4-6 cm. of the inflorescence which is a multi-compound-cymose umbe]; in- 
volucre about 1 mm. long, campanulate, pubescent, 5—8-toothed, tips of the 
teeth brownish; perianth stipitate, bright yellow; segments about 1 mm. long, 
equal, obtuse-ovate, glabrous; filament villose at the base, as long as the peri- 
anth. 


A very pretty form of woody Eriogonum collected by A. O. Garrett in 
Cedar Canyon, Iron County, Utah, September 2, 1931. Coll. No. 6027. 
The specimen in hand is 3 dm. tall, the plant from which it was taken was 
probably 4-6 dm. or more. Type in Rocky Mt. Herb. 


Eriogonum filiformum L. Williams sp. nov. Annuum ramosissimum; 
caulis filiformis, 1-2 dm. altus, aliquot ex caudice, glabri; nodi amplificati et 
angulosi; folia omnia ad basin, lamina oblonga, 1-4 cm. longa, tomentosa in- 
fra et supra prope vel omnino glabra; involucra 0.5-1 mm. longa, axillaria, 
pubescentia, campanulata, cum paucis floribus; pedicelli circa 5 mm. longi 
vel pauci sessiles in axi; lobi obtusi, breves, subrubro-gilvo ad rubidum; seg- 
menta aequalia; bracteae squameae. 

A diffusely di-trichotomously branched annual. The stems gradually di- 
minishing in size until they are almost filiform, 1-2 dm. high; main branches 
several from the caudex, glabrous; the nodes enlarged and angled; leaves all 
basal, leaf blades 1-4 cm. long, oblong, tomentose below, sparsely so or gla- 
brate above; petiole 2-5 cm. long; involucres 0.5—1 mm. long, axillary, pubes- 
cent, campanulate, few flowered; pedicels of the involucres mostly about 5 
mm. long or a few sessile in the axis; lobes obtuse, short reddish; perianth red- 
dish-yellow to dark red; segments equal, obtuse; bracts scale-like. 


Collected west of Hawksville, Wayne County, Utah, July 23, 1931, 
by A. O. Garrett. Coll. No. 5975. Type in Rocky Mt. Herb. 


Eriogonum Nelsonii L. Williams sp. nov. Perenne ligneum, praeter 2 dm. 
altum, breviter et dense tomentosum plus minus glabrescens cum aetate; 
folia lineari-revoluta, 0.5—1.5 cm. longa, infra tomentosa, plus minus glabra 
supra; petioli breves vel nulli; inflorescentia multi-cymoso-umbellata; in- 
volucrum 1-2 mm. longum, viride vel fuscum, villoso-pubescens, campanu- 
latum, acutilobum; perianthum album cum vena viridi in quoque lobo. 

A woody perennial, more than two dm. high, with shreddy bark. Densely 
short tomentose, more tomentose from the base toward the tip and becoming 
more or less glabrous with age; leaves linear-revolute, 0.5-1.5 cm. long, ap- 
pearing mucronate, some of the leaves of the perennial growth fascicled, 
alternate on the annual and ascending within 4-8 cm, of the inflorescence, all 
densely woolly-tomentose on the lower side, less sc or glabrous above; petiole 
very short or absent; inflorescence a few involucral heads (10-40) in a com- 
pound-cymose-umbel; involucre 1-2 mm. long, green or brown, villose pubes- 
cent, campanulate; lobes acute; perianth white with a green vein in each lobe; 
lobes ovate, 1 mm. or less long, equal; stamens almost as long as the perianth; 
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anthers red, nodding; filament pubescent; flowers stipitate, 4-10 in each in- 
volucral head. 


It is with pleasure that I dedicate this species to Dr. Aven Nelson; first 
because of the generous help which he has at all times given me; secondly 
because he had spent some time on the type when it was received and had 
designated it as probably new. 

The type specimen was collected by Ernest P. Walker, July 30, 1912, 
in a dry sandy park, Geyser Basin, San Juan County, Utah. Coll. No. 368. 
The co-type specimen was collected by A. O. Garrett at Cedar Canyon, 
Iron County, Utah, September 2, 1931. Coll. No. 6028. Type and co-type 
in Rocky Mt. Herb. 


Phacelia Piersoniae. L. Williams sp. nov. Bienne erecta, 2—4 dm. alta, 
sine ramis, pubescens; folia caulis petiolata, integra, lineari-lanceolata, 
pubescentia; calycis lobi hirsuti, lineares, 3 mm. longi, acuti; corolla alba, 
glabra, 4-6 mm. longa; inflorescentia hispido-hirsuta, scorpioidea; ovarium 
hirsutum; stylus divisus ad medium. 

Biennial with a short tap-root. Stems strikingly erect, 2-4 dm. high, un- 
branched, only one stem from each tap-root, pubescent; cauline leaves petio- 
late, entire, linear-lanceolate, tapering to the petiole and acute at the tip, 
4-8 cm. long, pubescent on both sides, more so above than below, veins well 
pronounced on the lower side, less so above, leaves of the preceding year form- 
ing a rosette at the base of the stem, more or less pubescent; calyx lobes hir- 
sute, more so on the margins than in the center, narrowly linear, about 3 mm. 
long, acute; corolla white, glabrous, 4-6 mm. long, fading to ochroleucous in 
drying; inflorescence hispid-hirsute, consisting of several short-peduncled 
scorpioid spikes; filaments 6-8 mm. long, sparsely pilose, exserted, attached 
near the base of the corolla tube, alternate with the lobes; anthers versatile; 
ovary densely hirsute, ovate; style almost as long as the stamens, cleft to the 
middle. 


This species is probably closely related to P. nemoralis Greene. It re- 
sembles somewhat the description of P. leptosepala Rydberg, which Doctor 
Brand, in his monograph on the Hydrophyllaceae, reduces to P. nemoralis 
Greene. It differs in that P. memoralis Greene is perennial, has ascending 
stems and a more or less caespitose rootstalk. 

The type was collected on the STS Ranch, Moose, Jackson Hole, 
Wyoming, June 26, 1931. Coll. No. 223 (Louis Williams and Rua Pierson). 
Co-type collected in Grand Teton National Park, along the trail above 
Bradley Lake, June 24, 1931. Coll. No. 359 (Louis Williams and Rua Pier- 
son). It is dedicated to the co-collector. Type and co-type in Rocky Mt. 
Herb. 
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INDEX TO AMERICAN BOTANICAL LITERATURE 
1930-1932 


The aim of this Index is to include all current botanical literature written 
by Americans, published in America, or based upon American material; the 
word America being used in the broadest sense. 

This index is reprinted monthly on cards, and furnished in this form to 
subscribers at the rate of three cents for each card. Selections of cards are not 
permitted; each subscriber must take all cards published during the term 
of his subscription. Correspondence relating to the Index may be addressed 
to the Treasurer of the Torrey Club. 


Alston, A. H. G. Osmunda regalis var. spectabilis (Willd.) A. 
Gray. Am. Fern Jour. 22: 23-24. Mr 1932. 

Ames, O. A new genus of the Orchidaceae from the New He- 
brides. Jour. Arnold Arbor. 13: 142-144. Ap 1932. 

Ames, O. Contributions to the flora of the New Hebrides and 
Santa Cruz Islands. Orchids collected by S. J. Kajewski in 
1928 and 1929. Jour. Arnold Arbor. 13: 127-141. Ap 1932. 

Andrew, B. L. The Hepaticae of Cold Spring Harbor and vi- 
cinity. Bryologist 34: 85-88. “‘N 1931” Ap 1932. 

Anderson, E., & Diehl, D. G. Contributions to the Tradescantia 
problem. Jour. Arnold Arbor. 13: 213-231. pl. 45+/. 1-3. 
Ap 1932. 

Ashby, E. Transpiratory organs of Larrea tridentata and their 
ecological significance. Ecology 13: 182-188. f. 1-3. Ap 
1932. 

Backeberg, C. The objects of my travels and my theory of Cac- 
tus distribution. Jour. Cactus & Succ. Soc. Am. 3: 165-167. 
Ap 1932. 

Bailey, L. H., & Bailey, E. Z. Hortus. A concise dictionary of 
gardening, general horticulture and cultivated plants in 
North America. 1-652. pl. 1-16. New York, Macmillan Co., 
1930. 

Bartram, E. B. Mosses from Lafayette, Louisiana. Bryologist 
34: 77-82. pl. 5. “N 1931” Ap 1932. 

Baxter, E. M. California Cacti. Opuntia Parryi. Jour. Cactus & 
Succ. Soc. Am. 3: 122-123. illust. Ja 1932; Carnegiea gi- 
gantea. Grant cactus. 134-135. illust. F 1932; Opuntia 
Bigelovii—jumping cholla. 149-150. illust. Mr 1932. 

Bieilmann], A. P. Adventitious roots from Ginkgo leaves. 
Missouri Bot. Gard. Bull. 20: 53-54. pl. 18. Mr 1932. 

Benedict, R. C. Is the American royal fern specifically distinct 
from a European species? Am. Fern Jour. 22: 24-25. Mr 
1932. 

- Benke, H. C. Floristics of a young lake. Am. Bot. 38: 74-79. 

Ap 1932. 
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Bergdolt, E. Die Marchantiaceae Peltolepis Lindberg, Sauteria 
(Nees) Lindberg und Clevea Lindberg. Pflanzenareale 3: 
55-57. pl. 46-48. 1932. 

Berry, E. W. The Miocene flora of Idaho. Proc. Nat. Acad. Sci. 
18: 289-292. 15 Ap 1932. 

Berry, E. W. A new Celtis from the western Miocene. Torreya 
32: 40-42. f. 1. Mr—Ap 1932. 

Berry, E. W. A new Drepanolepis from Alaska. Jour. Washing- 
ton Acad. Sci. 22: 217-220. f. 1. 19 Ap 1932. 

Berry, E. W. A new oak (Quercus perplexa) from the Miocene of 
the western United States. Jour. Washington Acad. Sci. 
22: 171-173. f. 1. 4 Ap 1932. 

Berry, E. W. A sterculiaceous fruit from the lower Eocene (?) 
of Colorado. Jour. Washington Acad. Sci. 22: 119-121. 
f. 1, 2.4 Mr 1932. 

Blakely, W. F. A previously undescribed variety of Loranthus 
vitellinus F. v. Muell. from north Queensland. Jour. Arnold 
Arbor. 13: 298. Ap 1932. 

Bogusch, E. R., & Molby, E. E. Grasses of Champaign County, 
Illinois. Trans. Illinois Acad. Sci. 23: 104-116. Mr 1931. 

Bondar, G. Cacao in Bahia. 1—24. illust. [1931.] 

Bravo, H. Contribucién al conocimiento de las Cactaceas de 
Mexico. An. Inst. Biol. Univ. Nac. Mexico 3: 15-18. f. 1-3. 
1932. 

Briant, A. K. Tomato diseases in Trinidad. Jour. Imp. Coll. 
Trop. Agr. 9: 63-70. f. 1-3. Mr 1932; 101-105. Ap 1932. 

Briquet, J. Decades plantarum novarum vel minus cognitarum. 
Candollea 4: 317-352. 1931. 

Many American species are described as new. 

Brooks, M. M. The penetration of 1-naphthol-2-sulphonate 
indophenol, o-chloro phenol indophenol and o-cresol indo- 
phenol into species of Valonia from the South Seas. Proc. 
Nat. Acad. Sci. 18: 297-298. 15 Ap 1932. 

Brooks, M. M. The pH and the rH of the sap of Valonia and 
the rH of its protoplasm. Protoplasma 10: 505-509. 1930. 

Brooks, M. M., & Brooks, S. C. The ‘‘multiple partition coeffi- 
cient’ hypothesis in relation to permeability. Proc. Soc. 
Exp. Biol. & Med. 29: 720-721. 1932. 

Brooks, S. C., Giese, A. C., & Giese, R. I. Potential differ- 
ences across natural membranes separating unlike salt 
solutions. Jour. Exp. Biol. 8: 124-132. f. 1, 2. Ap 1931. 

Bruderlin, K. Botanizing in the Rockies. Nature Mag. 19: 300- 
303, 324. illust. My 1932. 

Bressman, E. N. Some dioecious plants. Jour. Heredity 23: 
67-69. f. 6, 7. F 1932. 
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Buchholz, J. T. The pine embryo and the embryos of related 
genera. Trans. Illinois Acad. Sci. 23: 117-125. f. 1-17. Mr 
1931. 

Buchholz, J. T. The suspensor of Cryptomeria japonica. Bot. 
Gaz. 93: 221-226. f. 1-7. 15 Ap 1932. 

Buchholz, J. T., Doak, C. C., & Blakeslee, A. F. Control of 
gametophytic selection in Datura through shortening and 
splicing of styles. Bull. Torrey Club 59: 109-118. f. 1-4. 
“Mr” 12 Ap 1932. 

Burunjik, M. Studies on germination of seeds of native herbace- 
ous plants of the Chicago region. Trans. Illinois Acad. Sci. 
23: 126-127. Mr 1931. 

Camp, W. H. Sex in Arisaema triphyllum. Ohio Jour. Sci. 32: 
147-151. f. 1. Mr 1932. 

Carl, H. Die Arttypen und die systematische Gliederung der 
Gattung Plagiochila Dum. Ann. Bryol. 2: i-viii, 1-170. 
f. 1-13. 1931. 

Carpenter, D. S. Nomenclatorial changes required in the Ver- 
mont flora. Vermont Bot. & Bird Club Bull. 14: 21-28. Ja 
1930. 

Cheesman, E. E. Banana breeding at the Imperial College of 
Tropical Agriculture. Imp. Coll. Trop. Agr. Mem. 1: 1-35. 
f. 1-8. D 1931. 

Cheney, L. S. More fossil mosses from Wisconsin. Bryologist 34: 
93-94. “N 1931” Ap 1932. 

Chester, K. S. A comparative study of three Phytophthora - 
eases of lilac and their pathogens. Jour. Arnold Arbor 13: 
232-269. pl. 46,47. Ap 1932. 

Chester, K. S. Lilac graft-blight and its relation to water defi- 
ciency in woody plants. Proc. Nat. Shade Tree Conf. 7: 
92-97. 1931. 

Ching, R. C. The genus Lomagramma in America. Am. Fern 
Jour. 22: 15-18. Mr 1932. 

Christensen, C. A new Dryopteris from Cuba. Jour. Washington 
Acad. Sci. 22: 166-167. 4 Ap 1932. 

Ciferri, R. The criteria for definition of species in mycology. 
Ann. Myc. 30: 122-136. f. 1-5. 1932. 

Clinton, G. P. Some effects of drought on shade trees. Proc. 
Nat. Shade Tree Conf. 7: 34-36. 1931. 

Clute, W. N. The bluet. Am. Bot. 38: 57-59. illust. Ap 1932. 

Cook, O. F. Cotton improvement through type selection, with 
special reference to the Acala variety. U. S. Dep. Agr. 
Tech. Bull. 302: 1-62. pl. 1-26. Mr 1932. 

Cottle, H. J. Vegetation on north and south slopes of mountains 
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in southwestern Texas. Ecology 13: 121-134. f. 1-8. Ap 
1932. 

Cowles, H. C. The ever-changing landscape. Sci. Monthly 34: 
457-459. My 1932. 

Crocker, W. The effect of illuminating gas on trees. Proc. Nat. 
Shade Tree Conf. 7: 24-34. 1931. 

Darlington, C. D. The control of the chromosomes by the geno- 
type and its bearing on some evolutionary problems. Am. 
Nat. 66: 25-51. Ja—F 1932. 

Dawson, M. L. A study of some vegetable rots occurring in 
Evanston markets. Trans. Illinois Acad. Sci. 23: 131-142. 
f. 1-6. Mr 1931. 

Deuber, C. G. White pine blight. Proc. Nat. Shade Tree Conf. 
7: 97-100. 1931. 

Dillon Weston, W. A. R. The effect of ultra-violet radiation on 
the urediniospores of some physiologic forms of P. graminis 
Tritict. Sci. Agr. Ottawa 12: 81-87. O 1931. 

Dole, E. J. Vermont Bryophytes. Vermont Bot. & Bird Club 
Bull. 14: 19-20. Ja 1930. 

Drake, C. J., Harris, H. M., & Tate, H. D. Insects as vectors 
of yellow dwarf of onions. Science II. 75: 341-342. 25 Mr 
1932. 

Dunegan, J. C. The bacterial spot disease of the peach and other 
stone fruits. U. S. Dep. Agr. Tech. Bull. 273: 1-53. pl. 
1-7+f. 1-3. Ja 1932. 

Dungan, G. H. Influence of nutritional balance upon develop- 
ment of corn plants. Trans. Illinois Acad. Sci. 23: 143-148. 
tllust. Mr 1932. 

Eastwood, A. Another station for Zygophyllum fabago L. Leafl. 
West. Bot. 1: 16. 4 Ap 1932. 

Eastwood, A. Bottle-brushes in Californian gardens and parks. 
Leafl. West. Bot. 1: 9-10. 4 Ap 1932. 

Eastwood, A. Gentiana tenella in California. Leafl. West. Bot. 
1: 16. 4 Ap 1932. 

Eastwood, A. A new Californian Montia. Leafl. West. Bot. 1: 
11. 4 Ap 1932. 

Eaton, S. H. The ligneous flora of Lawrence County. Trans. 
Illinois Acad. Sci. 23: 149-159. Mr 1931. 

Erlanson, E. W. American wild roses. Am. Rose Annual 1932: 
83-93. pl. 12, 13, illust. 1932. 

Ezekiel, W. N., & Taubenhaus, J. J. Leaf temperatures of cot- 
ton plants with Phymatotrichum root rot. Science II. 75: 
391-392. 8 Ap 1932. 

Fernald, M. L. Botanizing on the Gaspé sea-cliffs. Harvard 
Univ. Alumni Bull. 1-8. f. 1-5. 8 Ja 1932. 
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Fries, R. E. Revision der Arten einiger Anonaceen-Gattungen. 
I, II. Acta Horti Bergiani 10: 1-341. pl. 1-27. 1931. 
Fuller, H. J. The injurious effects of ultra-violet and infra-red 
radiations on plants. Ann. Missouri Bot. Gard. 19: 79-86. 

pl. 3. F 1932. 

Gabrielson, I. N. West American Dodecatheons. New Flora & 
Silva 4: 157-159. f. 60-62. Ap 1932. 

Gershoy, A. Heredity and the chromosomes. Vermont Bot. & 
Bird Club Bull. 14: 67-68. Ja 1930. 

Goodman, G. J., & Hitchcock, C. L. A new scapose Draba from 
Utah. Ann. Missouri Bot. Gard. 19: 77-78. F 1932. 

Goodwin, L. E. The stickleaf. Am. Bot. 38: 80-81. Ap 1932. 

Graham, V. O. The genus Hygrophorus in the Chicago region. 
Trans. Illinois Acad. Sci. 23: 160-168. Mr 1931. 

Gravatt, G. F. Some elm tree troubles. Proc. Nat. Shade Tree 
Conf. 6: 95-99. 1930. 

Griffiths, D. Hybridity in the genus Lilium. Proc. Am. Soc. 
Hort. Sci. 28: 62-66. Mr 1932. 

Guillaumin, A. Contribution to the flora of the New Hebrides. 
Plants collected by S. J. Kajewski in 1928 and 1929. Jour. 
Arnold Arbor. 12: 221-264. O 1931; Jour. Arnold Arbor. 
13: 1-29. Ja 1932; 81-126. pl. 43+-f. 1, 2. Ap 1932. 

Haldane, J. B. The time of action of genes, and its bearing on 
some evolutionary problems. Am. Nat. 66: 5-24. Ja—F 
1932. 

Hanna, L. A. Distribution of the ferns of Wyoming. Am. Fern 
Jour. 22: 1-11. pl. 1. Ja-Mr 1932. 

Harkness, B. Rhododendron atlanticum (Rehder). New Flora & 
Silva 4: 205-206. Ap 1932. 

Harland, S. C. Fertility in hybrids between New and Old World 
cottons. Nature 129: 398-399. 12 Mr 1932. 

Harland, S. C. The genetics of cotton. V. Reversal of dominance 
in the interspecific cross G. barbadense Linn. XG. hirsutum 
Linn. and its bearing on Fisher’s theory of dominance. Jour. 
Genetics 25: 261-270; VI. The inheritance of chlorophyll 
deficiency in New World cottons. 271-280. pl. 7. Ap 1932. 

Harrington, J. B. Natural crossing in wheat, oats and barley at 
Saskatoon, Saskatchewan. Sci. Agr. Ottawa 12: 470-483. 
Ap 1932. 

Hauman, L. Esquisse phytogéographique de |’Argentine sub- 
tropicale et de ses relations avec la géobotanique sud- 
américaine. Bull. Soc. Roy. Bot. Belgique 14: 20-64. pl. 
1-14+f. 1, 2. 1931. 
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Hepting, G. H. A list of New England rusts collected in 1931. 
Rhodora 34: 60-65. 2 Ap 1932. 

Herbert, F. W., & Hubbard, J. W. Verticillium wilt (hadromy- 
cosis) of cotton in the San Joaquin Valley of California. 
U.S. Dep. Agr. Circ. 211: 1-7. pl. 1-3. F 1932. 

Herzog, T. Leptodontium Hampe. Pflanzenareale 3: 58-61. pl. 
49-50. 1932. 

~ Hicks, L. E. Flower production in the Lemnaceae. Ohio Jour. 
Sci. 32: 115-128. pl. 1, 2. Mr 1932. 

Hill, A. W. New species of Nototriche from Bolivia. Kew Bull. 
Misc. Inf. 1932: 77-80. 1932. 

Hitchcock, A. S. Field work for the local botanist. 1-58. Wash- 
ington, D. C. 1931. 

Hoar, C. S., & Haertl, E. J. Meiosis in the genus Hypericum. 
Bot. Gaz. 93: 197-204. pl. 1. 15 Ap 1932. 

Hollick, A. Descriptions of new species of Tertiary cycads, with 
a review of those previously recorded. Bull. Torrey Club 
59: 169-189. pl. 1-14. “Ap” 4 My 1932. 

Hottes, C. F. The contributions to botany of Julius von Sachs. 
Ann. Missouri Bot. Gard. 19: 15-30. pl. 2. F 1932. 

Houghton, A. D. Recapitulation theory. Jour. Cactus & Succ. 
Soc. Am. 3: 168-169. Ap 1932. 

Howard, F. L., & Currie, M. E. Parasitism of myxomycete plas- 
modia on the sporophores of Hymenomycetes. Jour. Ar- 
nold Arbor. 13: 270-284. pl. 48, 49+-f. 1, 2. Ap 1932. 

Howe, M. A. Marine algae from the islands of Panay and Ne- 
gros (Philippines) and Niuafoou (between Samoa and Fiji). 
Jour. Washington Acad. Sci. 22: 167-170. illust. Ap 1932. 
Chaetomor pha Kellersii sp. nov. is described. 

Howe, M. A. Chlorotylites, a fossil green alga from Alabama. 
Bull. Torrey Club 59: 219-220. pl. 15. ‘‘Ap” 4 My 1932. 
Chlorotylites Berryi, gen. et sp. nov. 

Howell, J. T. New Californian plants. Leafl. West. Bot. 1: 11- 
14. 4 Ap 1932. 

Humphrey, R. R. The morphology, physiology and ecology of 
Coldenia canescens. Ecology 13: 153-158. f. 1. Ap 1932. 

Hutchinson, J. B. The genetics of cotton. VII. ‘““Crumpled”’: a 
new dominant in Asiatic cottons produced by comple- 
mentary factors. Jour. Genetics 25: 281-291. pl. 8, 9. Ap 
1932. 

Jiensen], L. P. The purple cone-flowers. Missouri Bot. Gard. 
Bull. 20: 68-69. Ap 1932. 

Johansen, D. A. Echeveria strictiflora. Desert 3: 139. illust. Ap 
1932. 
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Judson, J. E. The ecology of three fated Gymnosperms. Proc. 
W. Virginia Acad. Sci. 4: 37. O 1930. 

Kearney, T. H., & Harrison, G. J. Arizona plants. (Further ad- 
ditions to the recorded flora of the state, with notes on the 
characters and geographical distribution of these and other 
species.) Jour. Washington Acad. Sci. 22: 224-231. 19 Ap 
1932. 

Kellett, A. Polygala paucifolia(Willd.) New Flora & Silva4: 202. 
Ap 1932. 

Kelso, L. A new Salix hybrid—Salix glaucops X petrophila, hybr. 
nov. Rhodora 34: 67. 2 Ap 1932. 

Knorr, F. What causes twisted trees? Jour. Heredity 23: 49-52. 
f. 1, 2+frontispiece. F 1932. 

Kobuski, C. E. Synopsis of the Chinese species of Jasminum. 
Jour. Arnold Arbor. 13: 145-179. Ap 1932. 

Krick, H. V. Structure of seedlike fructifications found in coal 
balls from Harrisburg, Illinois. Bot. Gaz. 93: 151-172. 
f. 1-21. 15 Ap 1932. 

Leach, J. G. Blackleg disease of potatoes in Minnesota. Minne- 
sota Agr. Exp. Sta. Tech. Bull. 76: 1-36 f. 1-16. Mr 1931. 

Leonard, E. C. The genus Sanchezia in Peru. Jour. Washington 
Acad. Sci. 22: 125-137. 19 Mr 1932. 

Includes descriptions of eight new species. 

Little, E. L. Asplenium pinnatifidum Nutt. in Oklahoma. Am. 
Fern Jour. 22: 23. Mr 1932. 

Loughridge, G. A. Nature and development of the tracheids of 
the Ophioglossaceae. Bot. Gaz. 93: 188-196. f. 1-24. 15 
Ap 1932. 

Macbride, F. A new Peruvian species of Sorocea. Candollea 4: 
311. 1931. 

McCray, F. A. Another haploid Nicotiana Tabacum plant. Bot. 
Gaz. 93: 227-230. f. 1-4. 15 Ap 1932. 

MacDougal, D. T. A half century of plant physiology. Ann. 
Missouri Bot. Gard. 19: 31-43. F 1932. 

McIntosh, T. P. The origin of the potato. Gard. Chron. 91: 
279-280. 9 Ap 1932. 

Mackenzie, E. C. Notes on the Bryophytes of southeastern 
Vancouver Island. Bryologist 34: 91-92. “‘N 1931” Ap 
1932. 

Malte, M. O. The so-called Agropyron caninum (L.) Beauv. of 
North America. Nat. Mus. Canada Ann. Rep. 1930: 27-48. 
pl. 1-5. 1932. 

May, C. The Dutch elm disease. Proc. Nat. Shade Tree Conf. 
6: 91-94. 1930. 
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May, C. Recent study of the Dutch elm disease. Proc. Nat. 
Shade Tree Conf. 7: 88-92. 1931. 

Metcalf, F. P. Notes on some Chinese plants. Jour. Arnold Ar- 
bor. 13: 297-298. Ap 1932. 

Meyer, B. S. The daily periodicity of transpiration in the tulip 
poplar Liriodendron tulipifera L. Ohio Jour. Sci. 32: 104- 
114. f. 7. Mr 1932. 

Miyazawa, B. Paeonia albiflora Pallas in Europe and America. 
Bull. Miyazaki. Coll. Agr. & For. 2: 61-76. 1930. 

Molby, E. E. A preliminary study of the epidermal appendages 
of the Mallow family. Trans. Illinois Acad. Sci. 23: 169- 
173. f. 1-8. Mr 1931. 

- Moldenke, H. N. A discussion of tautonyms. Bull. Torrey Club 
59: 139-156. “Mr” 12 Ap 1932. 

Moore, J. A. Double plants. Missouri Bot. Gard. Bull. 20: 
49-52. pl. 15. Mr 1932. 

Morton, C. V. A new species of Adenostegia from Death Valley, 
with notes on calyx structure in the genus. Jour. Wash- 
ington Acad. Sci. 22: 160-166. illust. 4 Ap 1932. 

Myers, H. E., & Sears, O. H. Some factors affecting the distri- 
bution of legume nodule bacteria in Illinois soils. Trans. 
Illinois Acad. Sci. 23: 174-179. f. 1-3. Mr 1931. 

Neatby, K. W. Factor relations in wheat for resistance to groups 
of physiologic forms of Puccinia graminis Tritici. Sci. Agr. 
Ottawa 12: 130-154. f. 1-9. N 1931. 

Newton, W. The physiology of Rhizoctonia. Sci. Agr. Ottawa 
12: 178-182. f. 1-3. N 1931. 

Noé, A. C. Coal ball flora of Illinois. Trans. Illinois Acad. Sci. 
23: 429-430. Mr 1931. 

Osten, C. Las Ciperéceas del Uruguay. An. Mus. Hist. Nat. 
Montevideo. II. 3: 109-256. pl. 30-45. 1931. 

Parker, M. A. Mosses of the campus of Cold Spring Harbor 
Biological Laboratory. Bryologist 34: 83-85. 1931"’ Ap 
1932. 

Parsons, B., & Massey, L. M. Rose-disease investigations. Third 
progressive report. Am. Rose Ann. 1932: 47-58. 1932. 
Peckham, E. A. S. Something old and something new. Jour. 

N. Y. Bot. Gard. 33: 69-74. f. 1, 2. Ap 1932. 

Peterson, R. F. Stomatal behavior in relation to the breeding 
of wheat for resistance to stem rust. Sci. Agr. Ottawa 12: 
155-173. f. 1-3. N 1931. 

Phillips, J. Root nodules of Podocarpus. Ecology 13: 189-195. 
Ap 1932. 

Philp, G. L., & Vansell, G. H. Pollination of deciduous fruits 
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by bees. California Agr. Ext. Ser. Circ. 62: 1-27. f. 1-9. 
Ap 1932. 

Pickford, G. D. The influence of continued heavy grazing and 
of promiscuous burning on spring-fall ranges in Utah. Ecol- 
ogy 13: 159-171. f. 1-4. Ap 1932. 

Pittier, H. El] estado actual de nuestros conocimientos acerca de 
la flora de Venezuela. 1-20. Caracas, 1931. 

Pomerleau, R. Observations sur les rouilles des arbres et ar- 
bustes du Quebec. Nat. Canadien 59: 49-58. Mr 1932. 
Porter, C. L. Fruiting plants of Encalypta contorta. Bryologist 

34: 93. “N 1931” Ap 1932. 


. Potzger, J. E. Succession of forests as indicated by fossil pollen 


from a northern Michigan bog. Science II. 75: 366. 1 Ap 
1932. 

P[ring], G. H. Long-tailed lady’s slipper. Missouri Bot. Gard. 
Bull. 20: 65-68. pl. 20. Ap 1932. 

Radikofer, L. Sapindaceae II. Pflanzenreich 4: 321-640. 30 Mr 
1932. 

Rankin, W. H. A new disease of elm. Proc. Nat. Shade Tree 
Conf. 7: 79-82. 1931. 

Raymond-Hamet, M. Contribution a l'étude phytographique 
du genre Sedum. Candollea 4: 1-52. 1931. 

Read, C. B. Pinoxylon dakotense Knowlton from the Cretaceous 
of the Black Hills. Bot. Gaz. 93: 173-187. f. 1-12. 15 Ap 
1932. 

Reynolds, E. S. Plant physiology as Sachs found it. Ann. Mis- 
souri Bot. Gard. 19: 3-14. F 1932. 

Roeser, J. Transpiration capacity of coniferous seedlings and 
the problem of heat injury. Jour. Forest. 30: 381-395. 
f. 1-3. Ap 1932. 

Ross, J. H. Some Bryophyte associations of Cold Spring Har- 
bor, New York, and vicinity. Bryologist 34: 88-91. ‘‘N 
1931" Ap 1932. 

Condensed and edited by A. J. Grout. 

Rowntree, L. Arbutus Menziesii. New Flora & Silva 4: 202-203. 
f. 78. Ap 1932. 

Rowntree, L. Flowers of the Enchanted Isles. New Flora & Silva 
4: 25-33. f. 11-14. O 1931. 

Rugg, H. G. Botanical rambles. Vermont Bot. & Bird Club Bull. 
14: 51-55. Ja 1930. 

Rydberg, P. A. Flora of the prairies and plains of central North 
America. i-vii, 1-969. f. 1-600. New York, N. Y. Bot. 
Garden, 1932. 

Completed for the press by Dr. M. A. Howe. 
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Rygg, G. L., & Darrow, G. M. Paternal and maternal inheri- 
tance in Fragaria. Science II. 75: 269-270. 4 Mr 1932. 
Saint-Yves, A. Apercu sur la distribution géographique des 
Festuca (subgen. Eu-Festuca). Candollea 4: 146-165. 1931. 

Sandwith, N. Y. Contributions to the flora of tropical America. 
VIII. New and noteworthy species from British Guiana: 
Icacinaceae-Gesneriaceae. Kew Bull. Misc. Inf. 1931: 467- 
492. 1931. 

Saunders, A. P. Some Asiatic peonies. New Flora & Silva 4: 
56-61. f. 24. O 1931. 

Sax, K. The cytological mechanism of crossing over. Jour. Ar- / 
nold Arbor. 13: 180-212. pl. 44+-f. 1, illust. Ap 1932. 

Schaffner, J. H. Additions to the catalog of Ohio vascular plants 
for 1931. Ohio Jour. Sci. 32: 158-161. Mr 1932. 

Schmidt, O. C. Beitriige zur Kenntnis der Aristolochiaceen. 
III. Repert. Spec. Nov. 30: 66-75. 15 F 1932. 
Includes several new species from South America. 

Sears, P. B. A record of post-glacial climate in northern Ohio. 
Ohio Jour. Sci. 30: 205-217. Jl 1930. 

Setchell, W. A. Biotic cementation in coral reefs. Proc. Nat. 
Acad. Sci. 16: 781-783. D 1930. 

Shammel, A. D., Pomeroy, C. S., & Harmon, F. N. Bud vari- 
ation in peaches. U. S. Dep. Agr. Circ. 212: 1-21. f. 1-9. 
Mr 1932. 

Sharp, L. W. A nuclear century. Sci. Monthly 34: 322-329. Ap 
1932. 

Shaw, D. A. Catalase in relation to percentage of growth in the 
tomato fruit. Proc. W. Virginia Acad. Sci. 5: 46-48. f. 1. 
Au 1931. 

Shelford, V. E. Basic principles of the classification of communi- 
ties and habitats and the use of terms. Ecology 13: 105-120. 
f. 1. Ap 1932. 

Shuhart, D. V. Endosperm and embryo development as related 
to filling of pecans and walnuts. Proc. Am. Soc. Hort. Sci. 
28: 161-163. pl. 1. Mr 1932. 

Skottsberg, C. Zur Pflanzengeographie Patagoniens. Ber. q 
Deutsch. Bot. Gesell. 49: 481-493. f. 1, 2. 28 Ja 1932. 

Skutch, A. F. The pollination of the palm Archontophoenix Cun- 
ninghamii Torreya 32: 29-37. pl. 1+f. 1, 2. Mr-Ap 1932. 

Smith, J. F. The chestnut in Vermont. Vermont Bot. & Bird 
Club Bull. 14: 65-67. Ja 1930. 

Smith, L. B. Studies in the Bromeliaceae. III. Contr. Gray 
Herb. Harvard Univ. 98: 1-36. pl. 1-6. 14 Ap 1932. 

Sokoloff, D. Una forma de Pandorina morum con celulas soma- 
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ticas rudimentarias. An. Inst. Biol. Mexico 3: 65-69. f. 
1-4. 1932. 

Soth, Mrs. M. E. From Portland to the sea. Am. Bot. 38: 59-65. 
Ap 1932. 

Spaulding, P. Some wood inhabiting fungi of Vermont. Vermont 
Bot. & Bird Club Bull. 14: 28-50. Ja 1930. 

Spaulding, P., & Hansbrough, J. R. Cronartium Comptoniae, the 
sweetfern blister rust of pitch pines. U. S. Dep. Agr. Circ. 
217: 1-21. f. 1-5. Ap 1932. 

Sprague, T. A., & Sandwith, N. Y. Contributions to the flora of 
tropical America. IX. Kew Bull. Misc. Inf. 1932: 18-28. 
1932; X. 81-93. 1932. 

Springer, L. L. An ecological study of the forests of the Sanga- 
mon River valley of Champaign County. Trans. Illinois 
Acad. Sci. 23: 188-199. f. 1-4. Mr 1931. 

Standley, P. C. The pine forests of Costa Rica. Science II. 75: 
437. 22 Ap 1932. 

Stebbins, G. L. Some interesting plants from the North Shore 
of the St. Lawrence. Rhodora 34: 66-67. 2 Ap 1932. 
Stehle, K. B. Inhibiting influence of colloidal starch, inulin, and 
agar on the stimulation of Aspergillus niger by zinc sul- 
phate. Bull. Torrey Club 59: 191-217. f. 1-4. “Ap” 4 My 

1932. 

Stevens, F. L. Two rusts on Wrightia laniti (Blco.) Merr. 
Philippine Agr. 20: 627-631. f. 1-4. Mr 1932. 

Steyermark, J. A. A revision of the genus Menodora. Ann. 
Missouri Bot. Gard. 19: 87-176. pl. 4-11. F 1932. 

Strong, M. C. Tomato diseases in Michigan. Michigan Agr. 
Exp. Sta. Circ. 139: 1-23. f. 1-12. F 1932. 

Sumpstine, W. J. Origin and development of the tissues in the 
rhizome of Onoclea sensibilis. Proc. W. Virginia Acad. Sci. 
5: 37-42. Au 1931. 

Swift, M. E. A new ascocarpic species of Penicillium. Bull. Tor- 
rey Club 59: 221-227. f. 1. “Ap” 4 My 1932. 

Sydow, H. Fungi Chilenses a cl E. Werdermann lecti. Ann. Myc. 
30: 81-90. 1932. 

Five new species are included. 

Tharp, B. C. Tradescantia Edwardsiana, nov. sp. Rhodora 34: 
57-59. f. 1. 2 Ap 1932. 

Thornber, J. J., & Bonker, F. The fantastic clan. The Cactus 
family. i—xi, 1-194. illust. New York. Macmillan Co., 1932. 

Thornberry, H. H. The effect of certain dyes on plant pathogenic 
microorganisms. Trans. Illinois Acad. Sci. 23: 200-203. Mr 
1931. 
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Tilton, J. L. Plant and animal remains in the rocks at Oglebay 
Park, West Virginia. Proc. W. Virginia Acad. Sci. 4: 100- 
118. pl. 1-5+f. 1-8. O 1930. 

Troll, W. Hymenophytum Dum. Pflanzenareale 3: 52-54. pl. 45. 
1932. 

Vestal, A. G. A preliminary vegetation map of Illinois. Trans. 
Illinois Acad. Sci. 23: 204-217. f. 1-3. Mr 1931. 

Walker, C. R., & Greene, D. A study of the number of pistils 
in the Colorado blue columbine, A quilegia caerulea. Torreya 
32: 38-39. Mr—Ap 1932. 

Watkins, J. V. Flower bud differentiation in the Gladiolus. Proc. 
Am. Soc. Hort. Sci. 28: 407-409. pl. 1, 2. Mr 1932. 

Weaver, J. E., & Fitzpatrick, T. J. Ecology and relative impor- 
tance of the dominants of tall-grass prairie. Bot. Gaz. 93: 
113-150. f. 1-30. 15 Ap 1932. 

Welch, D. S. Some rusts of Junipers. Proc. Nat. Shade Tree 
Conf. 7: 73-79. 1931. 

Welsh, J. N. The inheritance of stem rust and smut reaction and 
lemma colour in oats. Sci. Agr. Ottawa 12: 209-242. D 
1931. 

Werdermann, E. Echinocereus longisetus (Engel.) Riimpler, 
Echinopsis Marsoneri Werd., Echinoocactus Graessneri K. 
Schum. Pachyphytum oviferum 1. A. Purpus. Bliith. Sukkul. 
7: pl. 25-28. 15 F 1932. 

Werdermann, E. Neue sukkulente Pflanzen im Botanischen 
Garten Berlin-Dahlem. Repert. Spec. Nov. 30: 52-66. 15 F 
1932. 

Several new species from South America are described. 

White, R. P. Four unusual symptomatic pictures and their diag- 
nosis. Nat. Shade Tree Conf. 7: 82-86. 1931. 

Williams, C. R. Limits of Lilium Catesbaei. Am. Bot. 38: 81-83. 
Ap 1932. 

Willison, R. S. Wound-gum in peaches and grapes. Its relation 
to the invasion of fungus wound-parasites. Sci. Agr. Ot- 
tawa 12: 484-505. pl. 1-6+f. 4-7. Ap 1932. 

Wilson, E. H. If I were to make a garden. i-iv. 1-295. illust. 
Boston, Stratford Co. 1931. 

Wimmer, F. E. Burmeistra eine umstrittene Pflanzengattung 
und ihre Arten. Repert. Spec. Nov. 30: 1-52. pl. 123-126. 
15 F 1932. 

Winton, A. L., & Winton, K. B. The structure and composition 
of foods. 1: i-xiv, 1-710. New York. John Wiley & Sons, 
1932. 
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Yarnell, S. H. Chromosome behavior as a factor in berry breed- 
ing. Proc. Am. Soc. Hort. Sci. 28: 114-117. Mr 1932. 
Yen, T.-K. Carpel dehiscence in Firmiana simplex. Bot. Gaz. 

93: 205-212. f. 1-9. 15 Ap 1932. 

Zimmerman, P. W. Factors affecting healing of wounds with 
special reference to cuttings and injured bark of trees. 
Proc. Nat. Shade Tree Conf. 7: 6-9. 1931. 

Zingg, R. M. Mexican folk remedies of Chihuahua. Jour. Wash- 
ington Acad. Sci. 22: 174-181. 4 Ap 1932. 
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Bot. Gard. 32: 155-161. f. 1, 2. Jl 1931. 
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